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Description

BACKGROUND OF THE INVENTION

[0001] Infection of wounds is a major source of healthcare expenditure in the United States. Approximately 5% of all
surgical wounds become infected with microorganisms, and that figure is considerably higher (10-20%) for patients
undergoing abdominal surgery. Bacterial species, such as Staphylococci are the most frequently isolated organisms
from infected wounds. This is probably because humans are the natural reservoir for staphylococci in the environment,
with up to 50% of the population colonized at any given time. Colonization rates are significantly higher in the hospital
setting, both among healthcare workers, and among patients. Moreover, the colonizing organisms in the hospital envi-
ronment are likely to be resistant to many forms of antimicrobial therapy, due to the strong selective pressure that exists
in the nosocomial environment, where antibiotics are frequently used. Staphylococci are usually carried as harmless
commensals, however given a breach in the epidermis, they can cause severe, even life threatening infection.
[0002] Staphylococci are the most common etiologic agents in surgical wound infections; others include, but are not
limited to Streptococcus pyogenes (S. pyogenes), Pseudomonas aeruginosa (P. aeruginosa), Enterococcus faecalis
(E. faecalis), Proteus mirabilis (P. mirabilis), Serratia marcescens (S. marcescens), Enterobacter clocae (E. clocae),
Acetinobacter anitratus (A. anitratus), Klebsiella pneumoniae (K. pneumonia), and Escherichia coli (E. coli).
[0003] Post-surgical infection due to any of the above organisms is a significant concern of hospitals. The most common
way of preventing such infection is to administer prophylactic antibiotic drugs. While generally effective, this strategy
has the unintended effect of breeding resistant strains of bacteria. The routine use of prophylactic antibiotics should be
discouraged for the very reason that it encourages the growth of resistant strains.
[0004] Rather than using routine prophylaxis, a better approach is to practice good wound management, i.e., keep
the area free from bacteria before, during, and after surgery, and carefully monitor the site for infection during healing.
Normal monitoring methods include close observation of the wound site for slow healing, signs of inflammation and pus,
as well as measuring the patient’s temperature for signs of fever. Unfortunately, many symptoms are only evident after
the infection is already established. Furthermore, after a patient is discharged from the hospital they become responsible
for monitoring their own healthcare, and the symptoms of infection may not be evident to the unskilled patient.
[0005] A system or biosensor that can detect the early stages of infection before symptoms develop would be advan-
tageous to both patients and healthcare workers. If a patient can accurately monitor the condition of a wound after
discharge from the hospital, then appropriate antimicrobial therapy can be initiated early enough to prevent a more
serious infection.
Janda et al provide a review entitled "An overview of the etiology of wound infections with particular emphasis on
community-acquired illnesses" in Eur. J. Clin. Microbiol. Infect. Dis. 1997, 16:189-201
[0006] EP-A-0 430 608 discloses a dressing including an indicator.
[0007] WO 02/10433 is a document available only under Article 54(3) EPC which discloses a device for detecting
bacterial contamination and method of use.
[0008] EP-A-0 864 864 discloses a method and apparatus for mapping the condition of a wound.
[0009] US-A-4,242,447 discloses the rapid detection of bacteria.
[0010] US-A-5,210,022 discloses a method test media and chromogenic compounds for identifying and differentiating
general Coliforms and Escherichia Coli bacteria.
[0011] US-A-5,236,827 discloses a device for enhancing fluorescence and kinetic and methods of using the device.

SUMMARY OF THE INVENTION

[0012] According to a first aspect of the present invention there is provided a method of detecting the presence or
absence in a subject ’s wound sample of an infection comprising the steps of:

a) contacting the sample with a detectably labelled substrate for a protease produced and/or secreted by a pathogenic
bacterium selected from the group consisting of Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus
pyogenes, Pseudomonas aeruginosa, Enterococcus faecalis and Escherichia coli but not produced and/or secreted
by a non-pathogenic bacterium or the subject, under conditions that result in modification of said substrate by said
protease; and
b) detecting the modification or the absence of the modification of said substrate, wherein modification of said
substrate indicates the presence of said pathogenic bacterium in said wound sample, and wherein the absence of
modification of said substrate indicates the absence of said pathogenic bacterium in said wound sample,

wherein the substrate is a polypeptide consisting of the amino acid sequence of: SEQ ID NO. 1, 2, 3, 4, 5, 9 or 10.
[0013] Preferably, said wound sample is wound fluid.
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[0014] The substrate may be on a solid support. In which case, the method optionally either:

a) said solid support comprises a material required to be free of microbial contaminants, or
b) said solid support is selected from the group consisting of a wound dressing, a disk, a scope, a filter, a lens, foam,
cloth, paper, a suture, a swab, and a container for holding body fluids, such as selected from the group consisting
of a urine collection bag, a blood collection bag, a plasma collection bag, a test tube, a catheter, and a well of a
microplate:

[0015] Preferably, the method of the first aspect of the invention is a method for detecting the presence or absence
of Staphylococcus aureus in a sample obtained from a subject’s wound, comprising the steps of:

a) contacting the sample with a detectably labelled substrate for a protease produced and/or secreted by said
Staphylococcus aureus but not produced and/or secreted by a non-pathogenic bacterium or the subject, under
conditions that result in modification of said substrate by said protease; and
b) detecting the modification or the absence of the modification of said substrate, wherein modification of said
substrate indicates the presence of Staphylococcus aureus in said sample, and wherein the absence of modification
of said substrate indicates the absence of Staphylococcus aureus in said sample, and wherein the substrate is a
polypeptide consisting of the amino acid sequence of SEQ ID NO. 1.

[0016] Alternatively, the method of the first aspect of the invention is a method for detecting the presence or absence
of Pseudomonas aeruginosa in a sample obtained from a subject’s wound, comprising the steps of:

a) contacting the sample with a detectably labelled substrate for a protease produced and/or secreted by said
Pseudomonas aeruginosa but not produced and/or secreted by a non-pathogenic bacterium or the subject, under
conditions that result in modification of said substrate by said protease; and
b) detecting the modification or the absence of the modification of said substrate, wherein modification of said
substrate indicates the presence of Pseudomonas aeruginosa in said sample, and wherein the absence of modifi-
cation of said substrate indicates the absence of Pseudomonas aeruginosa in said sample, and wherein the substrate
is a polypeptide consisting of the amino acid sequence of SEQ ID NO. 3, 4, 5, 9 or 10.

[0017] According to a second aspect of the present invention there is provided a biosensor for detecting the presence
or absence in a subject’s wound sample of an infection, said biosensor comprising a solid support and a detectably
labelled substrate for a protease produced and/or secreted by Staphylococcus aureus, Staphylococcus epidermidis,
Streptococcus pyogenes, Pseudomonas aeruginosa, Enterococcus faecalis and Escherichia coli but not produced and/or
secreted by non-pathogenic bacteria or the subject, wherein said substrate is attached to said solid support, and wherein
the substrate is a polypeptide consisting of the amino acid sequence of: SEQ ID NO. 1, 2, 3, 4, 5, 9 or 10.
[0018] Preferably, the biosensor has a solid support which comprises:

a) a material required to be free of microbial contaminants, or
b) said solid support is selected from the group consisting of a wound dressing, a disk, a scope, a filter, a lens, foam,
cloth, paper, a suture, a swab, and a container for holding body fluids, such as selected from the group consisting
of a urine collection bag, a blood collection bag, a plasma collection bag, a test tube, a catheter, and a well of a
microplate.

[0019] According to a third aspect of the present invention, there is provided a kit for detecting a wound infection,
comprising the biosensor of the second aspect of the invention and which further comprises one or more reagents
selected from the group consisting of horseradish peroxidase, alkaline phosphatase, β-galactosidase, acetylcholineste-
rase, streptavidin/biotin complex, avidin/biotin complex, umbelliferone, fluorescein, rhodamine, dansyl chloride, phyco-
erythrin, luminal®, luciferase, luciferin, aequorin, 125I, 131I, 36S, 3H, Bodipy®, Pyrene, Texas Red, and EDANS.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

FIG. 1 is a graph of the cleavage of a target polypeptide substrate (relative fluorescence) over time (minutes) in
samples containing an active bacterial culture or a water control, substrate, and reaction buffer. (staph = Staphylo-
coccus aureus; listeria = Listeria monocytogenes; pseudo = Pseudomonas aeruginosa; entero =, Enterococcus
faecalis; strep = Streptococcus salivarius; Seratia = Serratia marcescens; e.coli = Escherichia coli)
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FIG. 2 is a graph of the cleavage of a target polypeptide substrate (relative fluorescence) over time (minutes) in
samples containing buffer, substrate solution only (dye), supernatant (containing no cells), S. marcescens cells, or
S. marcescens bacterial culture (mixture).
FIG. 3 is a graph of the cleavage of a target polypeptide substrate (relative fluorescence) over time (minutes) in S.
marcescens cultures grown for 4 hours and diluted to an OD of 1 (log phase); S. marcescens cultures grown for 24
hours and diluted to an OD of 1 (stationary phase); S. marcescens cultures grown for 6 hours and diluted to an OD
of 2 (log phase); S. marcescens cultures grown for 24 hours and diluted to an OD of 2 (stationary phase), or control
samples containing either buffer or dye.
FIG. 4 is a graph of the cleavage of a target polypeptide substrate (relative fluorescence) in S. marcescens cultures
having a pH level of 6, 6.4, 6.8, 7.2, 7.6, or 8.0 over time (minutes).
FIG. 5 is a graph of the cleavage of a target polypeptide substrate (relative fluorescence) in samples containing
Serratia culture, Serratia culture plus EDTA, or buffer or substrate solution (dye) only (controls) over time (minutes).
FIG. 6A is a scanned image of the fluorescence of a biosensor containing Cell Debris Remover in which the Serratia
marcescens specific protease target peptide was not bound to it, in the presence of Serratia extracts.
FIG. 6B is a scanned image of the fluorescence intensity of a biosensor containing Cell Debris Remover in which
the Serratia marcescens specific protease target polypeptide was bound to it, in the presence of Serratia extracts.
FIG. 6C is a schematic representation of a biosensor for detection of a Serratia marcescens specific protease.
FIG. 7A is a graph of the cleavage (absorbance) of target substrate in samples containing bacterial supernatant,
assay substrate (p-nitrophenyl caprate), and reaction buffer at 415 nm over time (minutes). (SA= Staphylococcus
aureus; SE = Staphylococcus epidermidis; SM = Serratia marcescens; SS = Streptococcus salivarius; EC = Es-
cherichia coli; PA = Pseudomonas aeruginosa; EF = Enterococcus faecalis)
FIG. 7B is a graph of the cleavage of target substrate (Δ Abs) in samples containing S. aureus bacterial supernatant,
assay substrate (p-nitrophenyl caprate), and reaction buffer at 415 nm over time (minutes). The reaction buffer
consisted of 20 mM Tris (pH 8.3) with 1 mM ZnSO4 added, plus either nothing additional (control), 20% methanol
(MeOH), 20% DMSO (DMSO), or 10 mM Triton X-100 (Triton).
FIG. 8 is a graph of the change in absorbance (Δ Abs) of samples containing bacterial supernatant, assay substrate
solution (p-nitrophenyl-N-acetyl-β-D-glucosaminide), and reaction buffer at 405 nm over time (hours). (SA= Staphy-
lococcus aureus; SE = Staphylococcus epidennidis; SM = Serratia marcescens; SS = Streptococcus salivarius; EC
= Escherichia coli; PA = Pseudomonas aeruginosa; EF = Enterococcus faecalis)
FIG. 9 is a graph of the absorbance (Abs 420 nm) of samples containing bacterial supernatant, assay substrate
solution (ortho-nitrophenyl-N-acetyl-β-D-galactopyranoside), and reaction buffer at 420 nm over time (hours). (SA=
Staphylococcus aureus; SE = Staphylococcus epidermidis; SM = Serratia marcescens; SS = Streptococcus sali-
varius; EC = Escherichia coli; PA = Pseudomonas aeruginosa; EF = Enterococcus faecalis)
FIG. 10 is a scanned image of a 2.5 cm glass microfiber filter (Whatman GF/A), soaked with p-nitrophenyl caprate
(in ispropanol) to which 4 different samples have been applied. In Quadrant #1, Staphylococcus aureus was applied;
in Quadrant #2, Staphylococcus epidermidis was applied; in Quadrant #3 Streptococcus salivarius was applied,
and in Quadrant #4, media was applied as a control. The presence of a yellow dye (gray shading), indicating
modification of the substrate by an enzyme in the bacteria is shown in Quadrant #2.
FIG. 11 is a graph of detection of enzymatic cleavage (relative fluorescent intensity) of papa1 (papa), pala1 (pala),
and paga1 (paga) over time (seconds) in samples containing Pseudomonas strains P1, PA14 (PA), and ZK45 (ZK),
or buffer alone, or buffer plus substrate.
FIG. 12 is a graph of detection of enzymatic cleavage (fluorescence) of papa1 (papa) over time (seconds) in samples
containing buffer only, buffer plus papa1, S. pyogenes plus papa1 (Streptococcus), P. aeruginosa strain PA14 plus
papa1 (Pseudomonas), E. coli plus papa1 (E. coli), S. aureus plus papa1 (Staph aureus), S. epidermidis plus papa1
(Staph epidermidis), S. marcescens plus papa1 (Serretia), or E. faecalis plus papa1 (Enterococcus).
FIG. 13A is a graph of the hydrolysis of labeled propionate substrate (change in absorbance) over time (seconds)
for samples containing buffer only, substrate plus buffer, substrate plus supernatant from P. aeruginosa PA14 grown
in tryptic soy media (Prop(TS)); substrate plus supernatant from P. aeruginosa PA14 grown in Brain Heart Infusion
media (Prop(BHI)); substrate plus P. aeruginosa PA14 grown in tryptic soy media (Prop(TS cells)); or substrate plus
P. aeruginosa PA14 grown in Brain Heart Infusion media (Prop(BHI cells)).
FIG. 13B is a graph of the hydrolysis of labeled butyrate substrate (change in absorbance) over time (seconds) for
samples containing buffer only, substrate plus buffer, substrate plus supernatant from P. aeruginosa PA14 grown
in tryptic soy media (Butyra(TS)); substrate plus supernatant from P. aeruginosa PA14 grown in Brain Heart Infusion
media (Butyra(BHI)); substrate plus P. aeruginosa PA14 grown in tryptic soy media (Butyra(TS cells)); or substrate
plus P. aeruginosa PA14 grown in Brain Heart Infusion media (Butyra(BHI cells)).
FIG. 13C is a graph of the hydrolysis of labeled caproate substrate (change in absorbance) over time (seconds) for
samples containing buffer only, substrate plus buffer, substrate plus supernatant from P. aeruginosa PA14 grown
in tryptic soy media (Caproa(TS)); substrate plus supernatant from P. aeruginosa PA14 grown in Brain Heart Infusion
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media (Caproa(BHI)); substrate plus P. aeruginosa PA14 grown in tryptic soy media (Caproa(TS cells)); or substrate
plus P. aeruginosa PA14 grown in Brain Heart Infusion media (Caproa(BHI cells)).
FIG. 14 is a graph of the hydrolysis of labeled propionate ester substrate (absorbance) over time (seconds) in
samples containing buffer, buffer plus substrate (PNP-Propionate) or substrate plus the following bacteria: PA14 P.
aeruginosa strain (Pseudomonas), Serratia, S. aureus (Staph aureus), S. epidermidis (Staph epidermidis), Strep-
tococcus (Streptococcus d), Enterococcus (Enterococcus), E. coli, and S. Pyogenes (Strep P m).
FIG. 15 is a scanned image of an agarose gel electrophoresed with 1 Kb ladder, DNA control (circular pUC19
plasmid), or linearized pUC19 DNA further cleaved by DNA metabolism enzymes in Staphylococcus aureus (SA),
Enterococcus faecalis (EF), E. coli (EC), Pseudomonas aeruginosa (PA), Streptococcus salivarius (SS), Serratia
marcescens (SM), or Staphylococcus epidermidis (SE) for 1 hour, 3 hours, or overnight (O/N). Lane numbers and
corresponding samples are indicated.
FIG. 16 is a graph of the DNA metabolic activity (relative fluorescence) of labeled probe over time (seconds) in
samples containing buffer, probe only (DBAFl2), or probe plus Enterococcus, S. Salivarius (Strep salivarius), probe
administered BamHI enzyme (BamHI), S. pyogenes (Strep pyogenes), Pseudomonas, E. coli, S. aureus (Staph
aureus), S. epidermidis (Staph epidermidis) or Serratia.
FIG. 17A is a graph of cleavage of protease substrate papa2 or papa2C (relative fluorescence) over time (seconds)
in samples containing buffer, buffer plus papa2, buffer plus papa2C, or supernatants from Pseudomonas, E. coli,
S. aureus (Staph aureus), S. epidermidis (Staph epidermidis), S. Salivarius (Strep salivarius), S. pyogenes (Strep
pyogenes), Enterococcus, or Serratia plus papa2.
FIG. 17B is a scanned image of the detection of S. epidermidis and lack of detection of S. pyogenes on a biosensor
in which the peptide substrates 5-bromo-4-chloro-3indolyl butyrate and 5-bromo-4-chloro-3indolyl caprylate were
bound to a solid substrate (glass microfiber filter) through hydrophobic interactions.
FIG. 17C is a scanned image of the detection of Pseudomonas (right) on a biosensor in which the peptide substrate
papa2 is bound to a solid substrate (positively charged membrane) through electrostatic interactions and exposed
to Pseudomonas (right) or BHI media containing no bacteria (left).
FIG. 18 is a graph of the cleavage of peptide substrate papa1 (relative fluorescence) over time in samples containing
buffer, buffer plus papa1, control (no bacteria) plus papa1, or porcine wound extracts from pigs infected with 103,
104 or 105 P. aeruginosa (Pseudomonas) bacteria plus papa1.

DETAILED DESCRIPTION OF THE INVENTION

[0021] As part of their normal growth processes, many microorganisms secrete a number of enzymes into their growth
environment. These enzymes have numerous functions including, but not limited to, the release of nutrients, protection
against host defenses, cell envelope synthesis (in bacteria) and/or maintenance, and others as yet undetermined. Many
microorganisms also produce enzymes on their cell surface that are exposed to (and interact with) the extracellular
environment. Many of these enzymes are specific to the microorganism that secretes them, and as such, can serve as
specific markers for the presence of those microorganisms. A system that can detect the presence of these enzymes
that are produced and/or secreted can equally serve to indicate the presence of the producing/secreting microorganism.
Alternatively, a system that can detect the absence of these enzymes that are produced and/or secreted can equally
serve to indicate the absence of the producing/secreting microorganism. Such a detection system is useful for detecting
or diagnosing an infection, for example, a wound infection.
[0022] A microorganism detection test system, as described herein can be tailored to detect one specific microorganism
by identifying a protein such as a secreted enzyme specific to the microorganism to be detected. Alternatively, a test
system can be designed to simultaneously identify more than one microorganism species (for example, at least 2, at
least 5, or at least 10 different microorganism species), such as those that commonly infect wounds. Identifying those
enzymes that are common to certain classes of pathogenic microorganisms, but which are not present in non-pathogenic
microorganisms is one way to achieve this goal. Such enzymes can be identified, for example, with a computer based
bioinformatics screen of the microbial genomic databases. By using enzymes as the basis for detection systems, sensitive
tests can be designed, since even a very small amount of enzyme can catalyze the turnover of a substantial amount of
substrate.
[0023] The present invention pertains to the identification of bacterial proteins that are specific for microorganisms
that are the causative agent of a wound, i.e., wound-specific. The proteins can be grouped into classes insofar as they
represent targets for developing agents for detecting the bacteria that produce them and present them on the cell surface
or that secrete them. As described herein, proteins were grouped into nine classes. The presence of a pathogenic
bacterium can be detected by designing a synthetic substrate that will specifically react with an enzyme that is present
on the surface of the cell or secreted. These synthetic substrates can be labeled with a detectable label such that under
conditions wherein their respective enzymes specifically react with them, they undergo a modification, for example, a
visible color change that is observed.
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[0024] Examples of pathogenic bacteria include, but are not limited to staphylococcus (for example, Staphylococcus
aureus, Staphylococcus epidermidis, or Staphylococcus saprophyticus), streptococcus (for example, Streptococcus
pyogenes, Streptococcus pneumoniae, or Streptococcus agalactiae), enterococcus (for example, Enterococcus faecalis,
or Enterococcus faecium), corynebacteria species (for example, Corynebacterium diptheriae), bacillus (for example,
Bacillus anthracis), listeria (for example, Listeria monocytogenes), Clostridium species (for example, Clostridium perf-
ringens, Clostridium tetanus, Clostridium botulinum, Clostridium difficile), Neisseria species (for example, Neisseria
meningitidis, or Neisseria gonorrhoeae), E. coli, Shigella species, Salmonella species, Yersinia species (for example,
Yersinia pestis, Yersinia pseudotuberculosis, or Yersinia enterocolitica), Vibrio cholerae, Campylobacter species (for
example, Campylobacter jejuni or Campylobacter fetus), Helicobacter pylori, pseudomonas (for example, Pseudomonas
aeruginosa or Pseudomonas mallei), Haemophilus influenzae, Bordetella pertussis, Mycoplasma pneumoniae, Urea-
plasma urealyticum, Legionella pneumophila, Treponema pallidum, Leptospira interrogans, Borrelia burgdoferi, myco-
bacteria (for example, Mycobacterium tuberculosis), Mycobacterium leprae, Actinomyces species, Nocardia species,
chlamydia (for example, Chlamydia psittaci, Chlamydia trachomatis, or Chlamydia pneumoniae), Rickettsia (for example,
Rickettsia ricketsii, Rickettsia prowazekii or Rickettsia akari), brucella (for example, Brucella abortus, Brucella melitensis,
or Brucella suis), Proteus mirabilis, Serratia marcescens, Enterobacter clocae, Acetinobacter anitratus, Klebsiella pneu-
moniae and Francisella tularensis. Preferably, the wound-specific bacteria is staphylococcus, streptococcus, enterococ-
cus, bacillus, Clostridium species, E. coli, yersinia, pseudomonas, Proteus mirabilis, Serratia marcescens, Enterobacter
clocae, Acetinobacter anitratus, Klebsiella pneumoniae or Mycobacterium leprae. For example, the wound-specific
enzyme can be produced and/or secreted by Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus py-
ogenes, Pseudomonas aeruginosa, Enterococcus faecalis, Proteus mirabilis, Serratia marcescens, Enterobacter clocae,
Acetinobacter anitratus, Klebsiella pneumoniae and/or Escherichia coli.
[0025] Although not in accordance with the present invention, the enzyme may be a lysin (an enzyme that functions
to lyse host cells); a cell wall enzyme (an enzyme involved in the synthesis and turnover of bacterial cell wall components,
including peptidoglycan), a protease (an enzyme that specifically or non-specifically cleaves a peptide, polypeptide, or
protein), a hydrolase (an enzyme that breaks down polymeric molecules into their subunits), a metabolic enzyme (an
enzyme designed to perform various housekeeping functions of the cell, such as breaking down nutrients into components
that are useful to the cell), or a virulence enzyme (an enzyme that is required by the bacterial cell to cause an infection).
[0026] Although not in accordance with the present invention, the enzyme could be one or more of the following (the
GenBank Accession Number and/or name of an example of each protein is provided in parentheses): autolysin (Atl),
FemB protein (femB), fmhA protein(fmhA), TcaB protein (tcaB), enterotoxin P (sep), exotoxin 6 (set6), exotoxin 7 (set7),
exotoxin 8 (set8), exotoxin 9 (set9), exotoxin 10 (set10), exotoxin 11 (set11), exotoxin 12 (set12), exotoxin 13 (set13),
exotoxin 14 (set14), exotoxin 15 (set15), Clumping factor B (clfB), Blt-like protein (SA1269), FmhC protein (fmhC(eprh)),
enterotoxin SEM (sem), enterotoxin SeN (sen), enterotoxin SeO (seo), leukotoxin LukE (lukE), truncated integrase
(SA0356), enterotoxin typeC3 (sec3), enterotoxin Yent1 (yent1), enterotoxin YENT2 (yent2), glycerol ester hydrolase
(geh), immunodominant antigen A (isaA), serine protease SplB (splB), serine protease SplC (splC), ABC transporter
permease (vraG), phosphomevalonate kinase (mvaK2), gamma-hemolysin component B (hlgB), gamma-hemolysin
component C (hlgC), tagatose-6-phosphate kinase (lacC), cysteine protease precursor (sspB), 6-phospho-beta-galac-
tosidase (lacG), extracellular enterotoxin L (sel), triacylglycerol lipase precursor (lip), Staphopain, Cysteine Proteinase
(SA1725), tagatose 1,6-diphosphate aldolase (lacD), gamma-hemolysin chain II precursor (hlgA), enterotoxin homolog
(SA1429), mannitol-1-phosphate 5-dehydrogenase (mtlD), staphylococcal accessory regulator A (sarA), lactose phos-
photransferase system repressor (lacR), capsular polysaccharide biosynthesis (SA2457), capA, galactose-6-phosphate
isomerase LacA subunit (lacA), fibrinogen-binding protein A, clumping factor (clfA), extracellular enterotoxin type G
precursor (seg), extracellular enterotoxin type I precursor (sei), leukotoxin, LukD [Pathogenicity island SaPIn3] (lukD),
fibronectin-binding protein homolog (fnb), fibronectin-binding protein homolog (fnbB), holin homolog [Bacteriophage
phiN315] (SA1760), similar to D-xylulose reductase (SA2191), secretory antigen precursor SsaA homolog (ssaA), factor
essential for expression of methicillin resistance (femA), similar to exotoxin 2 (SA0357), similar to exotoxin 1 (SA1009),
similar to exotoxin 4 (SA1010), similar to exotoxin 3 (SA1011), staphylococcal accessory regulator A homolog (sarH3),
similar to transaldolase (SA1599), similar to 5-nucleotidase (SA0022), undecaprenyl-PP-MurNAe-pentapeptide-UD-
PGlcNAc G1cNAc transferase (murG), similar to exonuclease SbcD (SA1180), similar to membrane protein (SA2148),
Ser-Asp rich fibrinogen-binding, bone sialoprotein-binding protein (sdrC), Ser-Asp rich fibrinogen-binding, bone sialo-
protein-binding protein (sdrD), Ser-Asp rich fibrinogen-binding, bone sialoprotein-binding protein (sdrE), similar to oli-
goendopeptidase (SA1216), similar to MHC class II analog (SA2006), similar to transcription factor (SA0858), probable
beta-lactamase [Pathogenicity island SaPIn3] (SA1633), similar to NA(+)/H(+) exchanger (SA2228), similar to xylitol
dehydrogenase (SA0242), similar to cell wall enzyme EbsB (SA1266), similar to transposase for IS232 (SAS069), similar
to transposase for IS232 (SAS070), similar to transport protein SgaT (SA0318), similar to transcription regulator (SA0187),
similar to ribose transporter RbsU (SA0260), similar to regulatory protein PfoR (SA0298), similar to enterotoxin A precursor
(SA1430), similar to regulatory protein pfoR (SA2320), transposase homolog for IS232 [Pathogenicity island SaPIn3]
(tnp), similar to formate transporter NirC (SA0293), similar to D-octopine dehydrogenase (SA2095), similar to rbs operon
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repressor RbsR (SA0261), similar to cell surface protein Map-w (SA0841), similar to fibrinogen-binding protein (SA1000),
similar to fibrinogen-binding protein (SA1003), similar to fibrinogen-binding protein (SA1004), similar to staphylocoagu-
lase precursor (SA0743), similar to ferrichrome ABC transporter (SA0980), similar to peptide binding protein OppA
(SA0849), similar to proton antiporter efflux pump (SA0263), similar to kdp operon sensor protein (kdpD(SCCmec)),
similar to secretory antigen precursor SsaA (SA0270), similar to outer membrane protein precursor (SA0295), similar
to deoxyribodipyrimidine photolyase (SA0646), similar to secretory antigen precursor SsaA (SA2097), similar to integral
membrane efflux protein (SA2233), similar to secretory antigen precursor SsaA (SA2332), similar to secretory antigen
precursor SsaA (SA2353), similar to transmembrane efflux pump protein (SA0099), similar to multi-drug resistance efflux
pump (SA0115), probable specificity determinant HsdS [Pathogenicity island SaPIn3] (SA1625), similar to ABC trans-
porter ATP-binding protein (SA0339), similar to cobalamin synthesis related protein (SA0642), similar to transcription
regulator MarR family (SA2060), similar to N-Carbamoylsarcosine Amidohydrolase (SA2438), similar to teichoic acid
biosynthesis protein B (SA0243), similar to teichoic acid biosynthesis protein B (SA0247), similar to transcription regulator,
RpiR family (SA2108), similar to two component sensor histidine kinase (SA2180), similar to succinyl-diaminopimelate
desuccinylase (SA1814), similar to extracellular matrix and plasma binding (SA0745), similar to transcription antitermi-
nator BglG family (SA1961), similar to cobalamin synthesis related protein CobW (SA2368), similar to DNA polymerase
III, alpha chain PolC type (SA1710), similar to spermine/spermidine acetyltransferase blt (SA1931), similar to trimeth-
ylamine dehydrogenase (EC 1.5.99.7) (SA0311), similar to AraC/XylS family transcriptional regulator (SA0622), similar
to PTS fructose-specific enzyme IIBC component (SA0320), similar to beta-lactamase [Pathogenicity island SaPIn1]
(SA1818), similar to 4-diphosphocytidyl-2C-methyl-D-erythritol synthase (SA0241), similar to synergohymenotropic toxin
precursor - Staphylococcus intermedius (SA1812), similar to bacteriophage terminase small subunit [Pathogenicity island
SaPIn1] (SA1820), similar to poly (glycerol-phosphate) alpha-glucosyltransferase (teichoic acid biosynthesis)(SA0523).
The above referenced GenBank Accession Numbers are those corresponding to Staphylococcus aureus proteins. The
GenBank Accession Numbers for these proteins from other species are available to one skilled in the art. Such GenBank
Accession Numbers can be obtained, for example, by searching the GenBank protein database by the desired protein
and species name. Alternatively, the Staphylococcus aureus protein sequence can be obtained using the provided
GenBank Accession number and/or protein name, and this sequence can be searched for proteins from other species
with similar sequence identity or homology, for example, using the BLAST program described herein. Protein sequences
from other species can then be obtained from the search results.
[0027] Although not in accordance with the present invention, substrates for use in the present invention could include
any molecule, either synthetic or naturally-occurring that can interact with an enzyme of the present invention. Examples
of substrates include those substrates described herein, as well as substrates for these enzymes that are known in the
art. Other examples of substrates include Alt derived fluorescent peptides, for example, PGTKLYTVPW-pyrene (SEQ
ID NO: 1) (which can bind to the surface of Staphylococcus; it is predicted that an increase in fluorescence upon binding
would occur); fluorescent peptidoglycans, for example, flourescent-N-acetylglucosamine-[b-1,4-N acetylmuranic acid,
fluorescent-N-acetylmuramyl-L-alanine, or fluorescent -lipoteichoic acid (peptidoglycans over-labeled with fluorescein
would be quenched from fluorescing, but following hydrolysis by a wound pathogen would fluoresce); and a lipid vesicle
containing dye for the detection of hemolysin (many hemolysins form ordered protein complexes that are pore forming
toxins, and can be detected by the release of dye from a lipid vesicle followed by diffusion of the dye onto a hydrophobic
solid substrate). Such substrates described herein can be obtained from commercial sources, e.g., Sigma (St. Louis,
MO), or can be produced, e.g., isolated or purified, or synthesized using methods known to those of skill in the art.
[0028] The enzymes of the present invention can modify substrates, for example, proteins or polypeptides by cleavage,
and such modification can be detected to determine the presence or absence of a pathogen in a sample. One method
for detecting modification of a substrate by an enzyme is to label the substrate with two different dyes, where one serves
to quench the fluorescence of the other dye by fluorescence energy transfer (FRET) when the molecules, for example,
dyes or colorimetric substances are in close proximity, and is measured by detecting changes in fluorescence.
[0029] FRET is the process of a distance-dependent excited state interaction in which the emission of one fluorescent
molecule is coupled to the excitation of another. A typical acceptor and donor pair for resonance energy transfer consists
of 4-[[-(dimethylamino) phenyl]azo] benzoic acid (DABCYL, Dabcyl) and 5-[(2-aminoethylamino] naphthalene sulfonic
acid (EDANS, Edans). EDANS is excited by illumination with 336 nm light, and emits a photon with wavelength 490 nm.
If a DABCYL moiety is located within 20 angstroms of the EDANS, this photon will be efficiently absorbed. DABCYL and
EDANS will be attached to opposite ends of a peptide substrate. If the substrate is intact, FRET will be very efficient. If
the peptide has been cleaved by an enzyme, the two dyes will no longer be in close proximity and FRET will be inefficient.
The cleavage reaction can be followed by observing either a decrease in the fluorescence of the acceptor or an increases
in fluorescence of the donor. An increase in fluorescence of EDANS can be measured at, for example, 485 nm or 538 nm.
[0030] If the substrate to be modified is a protein, peptide, or polypeptide, the substrate can be produced using standard
recombinant protein techniques (see for example, Ausubel et al., "Current Protocols in Molecular Biology," John Wiley
& Sons, (1998)In addition, the enzymes of the present invention can also be generated using recombinant techniques.
Through an ample supply of enzyme or its substrate, the exact site of modification can be determined, and a more
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specific substrate of the enzyme can be defined, if so desired. This substrate can also be used to assay for the presence
of the pathogenic bacteria.
[0031] The substrates are labeled with a detectable label that is used to monitor interactions between the enzyme and
the substrate and detect any substrate modifications, for example, cleavage of the substrate or label resulting from such
interactions. Examples of detectable labels include various dyes that can be incorporated into substrates, for example,
those described herein, spin labels, antigen or epitope tags, haptens, enzyme labels, prosthetic groups, fluorescent
materials, chemiluminescent materials, bioluminescent materials, and radioactive materials. Examples of suitable en-
zyme labels include horseradish peroxidase, alkaline phosphatase, β-galactosidase, and acetylcholinesterase; examples
of suitable prosthetic group complexes include streptavidin/biotin and avidin/biotin; examples of suitable fluorescent
materials include umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein,
dansyl chloride and phycoerythrin; an example of a chemiluminescent material includes luminol®; examples of biolumi-
nescent materials include luciferase, luciferin, and aequorin, and examples of suitable radioactive material
include 125I, 131I, 35S, and 3H. Other examples of detectable labels include Bodipy®, Pyrene, Texas Red, IAEDANS,
Dansyl Aziridine, IATR and fluorescein. Succimidyl esters, isothiocyanates, and iodoacetamides of these labels are also
commercially available. When detectable labels are not employed, enzymatic activity can be determined by other suitable
methods, for example detection of substrate cleavage through electrophoretic analysis, or other methods known to one
skilled in the art.
[0032] One example of a preferred detectable label is a chromogenic dye that allows monitoring of the hydrolysis of
the substrate by the bacterial enzyme. An example of such a dye is para-nitrophenol. When conjugated to a substrate
molecule, this dye will remain colorless until the substrate is modified by the secreted enzyme, at which point it turns
yellow. The progress of the enzyme-substrate interaction can be monitored by measuring absorbance at 415 nm in a
spectrophotometer. Other dyes that produce detectable modification, e.g., a visible color change, are known to those
of skill in the art.
[0033] Although not in accordance with the present invention, the sample in which the presence or absence of bacteria
is detected, or a wound infection is diagnosed, can be, for example, a wound, a body fluid, such as blood, urine, sputum,
or wound fluid (for example, pus produced at a wound site). The sample can also be any article that bacteria may be
contained on/in, for example, a wound dressing, a catheter, a urine collection bag, a blood collection bag, a plasma
collection bag, a polymer, a disk, a scope, a filter, a lens, foam, cloth, paper, a suture, swab, test tube, a well of a
microplate, contact lens solutions, or a swab from an area of a room or building, for example, an examination room or
operating room of a healthcare facility, a bathroom, a kitchen, or a process or manufacturing facility.
[0034] The present invention also features a biosensor for detecting a (one or more, for example, at least 2, at least
5, at least 10, at least 20, at least 30, at least 50, at least 75, or at least 100) marker protein enzyme(s) described herein
and for notifying a consumer of the presence of the marker protein. As used herein, a "biosensor" is a device that
incorporates one or more of the above-described substrates, or other substrates described herein, and produces a
detectable signal upon sensing the presence or absence of bacteria. A biosensor for use in healthcare settings or home-
use to detect infected wounds comprising a (one or more) specific substrate(s) that is coupled to a solid support that is
proximal to a wound or other body fluid that is being monitored for bacterial contamination is provided. Preferably, the
substrate is covalently bound to a label and thus has a detection signal that upon proteolysis of the substrate-label bond
indicates the presence of the bacteria.
[0035] The biosensor is made by first determining the specific substrate of a specific enzyme characteristic of the
bacteria to be detected. The determined specific substrate is labeled with one or more, and preferably, a plurality of
detectable labels, for example, chromatogenic or fluorescent leaving groups. Most preferably, the labeling group provides
a latent signal that is activated only when the signal is proteolytically detached from the substrate. Chromatogenic leaving
groups include, for example, para-nitroanalide groups. Should the substrate come into contact with an enzyme secreted
into a wound or other body fluid by bacteria or presented on the surface of a bacterial cell, the enzyme modifies the
substrates in a manner that results in detection of such a modification, for example, a change in absorbance, which can
be detected visually as a change in color (for example, on the solid support, such as a wound dressing), or using
spectrophotometric techniques standard in the art.
[0036] The biosensor of the present invention also can comprise one or more substrates (for example, at least 2, at
least 5, at least 10, at least 20, at least 30, at least 50, at least 75, or at least 100 substrates) for produced and/or secreted
enzymes of pathogenic bacteria. The biosensor is a solid support, for example, a wound dressing (such as a bandage,
or gauze), any material that needs to be sterile or free of microbial contamination, for example, a polymer, disk, scope,
filter, lens, foam, cloth, paper, or sutures, or an article that contains or collects the sample (such as a urine collection
bag, blood or plasma collection bag, test tube, catheter, swab, or well of a microplate).
[0037] Typically, the solid support is made from materials suitable for sterilization if the support directly contacts the
wound or sample. In one embodiment of the present invention, the biosensor can be directly contacted with the wound.
In some instances, a sterile covering or layer is used to prevent contamination of the wound or body fluid upon such
direct contact. If such sterile coverings are used, they will have properties that make them suitable for sterilization, yet
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do not interfere with the enzyme/ substrate interaction. Preferably, the portion of the biosensor that comes into contact
with the wound is also nonadherent to permit easy removal of the biosensor from the sample surface. For example, if
the biosensor comprises a wound dressing, the dressing contacts the wound for a time sufficient for the enzyme substrate
to react and then the dressing is removed from the wound without causing further damage to the wound or surrounding
tissue.
[0038] Substrates suitably labeled with detectable labels, for example, a chromogenic dye, and attached or incorporated
into a sensor apparatus, can act as indicators of the presence or absence of pathogenic bacteria that secrete the
aforementioned enzymes. When more than one substrate is utilized, each may be labeled so as to distinguish it from
another (for example, using different detectable labels) and/or each may be localized in a particular region on the solid
support.
[0039] Substrates with hydrophobic leaving groups can be non-covalently bound to hydrophobic surfaces. Alternatively
hydrophilic or hydrophobic substrates can be coupled to surfaces by disulfide or primary amine, carboxyl or hydroxyl
groups. Methods for coupling substrates to a solid support are known in the art. For example, fluorescent and chromogenic
substrates can be coupled to solid substrates using non-essential reactive termini such as free amines, carboxylic acids
or SH groups that do not effect the reaction with the wound pathogens. Free amines can be coupled to carboxyl groups
on the substrate using, for example, a 10 fold molar excess of either N-ethyl-N’-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) or N-cyclohexyl-N’-2-(4’-methyl-morpholinium) ethyl carbodiimide-p-toluene sulphonate (CMC) for
2 hrs at 4°C in distilled water adjusted to pH 4.5 to stimulate the condensation reaction to form a peptide linkage. SH
groups can be reduced with DTT or TCEP and then coupled to a free amino group on a surface with N-e-Maleimidocaproic
acid (EMCA, Griffith et al., Febs Lett. 134:261-263, 1811).
[0040] A substrate for use in the present invention is a polypeptide consisting of the amino acid sequence of SEQ ID
NO: 1, 2, 3, 4, 5,9, or 10. Such polypeptides are enzymatically cleaved by proteases as described herein.
[0041] Although not in accordance with the present invention, another example of a substrate (not used in the present
invention) is a polypeptide comprising or consisting of the nucleic acid sequence of SEQ ID NO: 6, 7, or8, or a nucleic
acid sequence having at least 50%, 60%, 70%, 80%, 85%, 90%, 95%, or 99% sequence identity to SEQ ID NO: 6, 7,
or 8, as determined using a sequence comparison program and parameters described herein. Such polypeptides are
enzymatically cleaved by wound specific proteases as described herein.
[0042] Although not used in the invention, polypeptides may also encompass fragments and sequence variants of the
polypeptides and nucleic acids described above. Variants include a substantially homologous polypeptide encoded by
the same genetic locus in an organism, i.e., an allelic variant, as well as other variants. Nucleic acid variants also include
allelic variants. Variants also encompass polypeptides or nucleic acids derived from other genetic loci in an organism,
but having substantial homology to a polypeptide of SEQ ID NO: 1, 2, 3, 4, 5, 9, or 10 or a nucleic acid of SEQ ID NO:
6, 7, or 8. Variants also include polypeptides or nucleic acids substantially homologous or identical to these polypeptides
or nucleic acids but derived from another organism, i.e., an ortholog. Variants also include polypeptides or nucleic acids
that are homologous or identical to these polypeptides or nucleic acids that are produced by chemical synthesis. Variants
also include polypeptides or nucleic acids that are substantially homologous or identical to these polypeptides or nucleic
acids that are produced by recombinant methods.
[0043] Although not in accordance with the present invention, the percent identity of two amino acid sequences or two
nucleic acid sequences can be determined by aligning the sequences for optimal comparison purposes (e.g., gaps can
be introduced in the sequence of a first sequence). The amino acids at corresponding positions are then compared, and
the percent identity between the two sequences is a function of the number of identical positions shared by the sequences
(i.e., % identity = # of identical positions/total # of positions x 100). In certain embodiments, the length of the amino acid
sequence aligned for comparison purposes is at least 30%, preferably, at least 40%, more preferably, at least 60%, and
even more preferably, at least 70%, 80%, 90%, or 100% of the length of the reference sequence. The actual comparison
of the two sequences can be accomplished by well-known methods, for example, using a mathematical algorithm. A
preferred, non-limiting example of such a mathematical algorithm is described in Karlin et al., Proc. Natl. Acad. Sci. USA,
90:5873-5877, 1993). Such an algorithm is incorporated into the BLAST programs (version 2.2) as described in Schaffer
et al. (Nucleic Acids Res., 29:2994-3005, 2001). When utilizing BLAST and Gapped BLAST programs, the default
parameters of the respective programs can be used. In one embodiment, the database searched is a non-redundant
(NR) database, and parameters for sequence comparison can be set at: no filters; Expect value of 10; Word Size of 3;
the Matrix is BLOSUM62; and Gap Costs have an Existence of 11 and an Extension of 1.
[0044] Alternatively, the percent identity between two amino acid sequences or two nucleic acid sequences can be
accomplished using the GAP program in the GCG software package (Accelrys Inc., San Diego, California) using either
a Blossom 63 matrix or a PAM250 matrix, and a gap weight of 12, 10, 8, 6, or 4 and a length weight of 2, 3, or 4. In yet
another alternative, the percent identity between two nucleic acid sequences can be accomplished using the GAP
program in the GCG software package (Accelrys Inc.), using a gap weight of 50 and a length weight of 3.
[0045] Other preferred sequence comparison methods are described herein. Although not used in the invention, also
described are polypeptides having a lower degree of identity but having sufficient similarity so as to perform one or more
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of the same functions performed by the polypeptide, e.g., the ability to act as a substrate for a Serratia marcescens
specific protease. Similarity is determined by conserved amino acid substitution. Such substitutions are those that
substitute a given amino acid in a polypeptide by another amino acid of like characteristics. Conservative substitutions
are likely to be phenotypically silent. Typically seen as conservative substitutions are the replacements, one for another,
among the aliphatic amino acids Ala, Val, Leu, and Ile; interchange of the hydroxyl residues Ser and Thr; exchange of
the acidic residues Asp and Glu; substitution between the amide residues Asn and Gln; exchange of the basic residues
Lys and Arg; and replacements among the aromatic residues Phe and Tyr. Guidance concerning which amino acid
changes are likely to be phenotypically silent are found in Bowie et al., Science 247: 1306-1310, 1990).
[0046] Functional variants can also contain substitution of similar amino acids that result in no change or an insignificant
change in function. Alternatively, such substitutions may positively or negatively affect function to some degree. Non-
functional variants typically contain one or more non-conservative amino acid substitutions, deletions, insertions, inver-
sions, or truncation or a substitution, insertion, inversion, or deletion in a critical residue or critical region, such critical
regions include the cleavage site for a Serratia marcescens specific protease.
[0047] Amino acids in a polypeptide that are essential for cleavage by a Serratia marcescens specific protease can
be identified by methods known in the art, such as site-directed mutagenesis or alanine-scanning mutagenesis (Cun-
ningham et al., Science, 244: 1081-1085,1989). The latter procedure introduces a single alanine mutation at each of
the residues in the molecule (one mutation per molecule).
[0048] Fragments can be discrete (not fused to other amino acids or polypeptides) or can be within a larger polypeptide.
Further, several fragments can be comprised within a single larger polypeptide. A fragment designed for expression in
a host can have heterologous pre- and pro-polypeptide regions fused to the amino terminus of the polypeptide fragment
and an additional region fused to the carboxyl terminus of the fragment.
[0049] The biosensors of the present invention can be used in any situation where it is desirable to detect the presence
or absence of bacteria, and in particular, pathogenic bacteria. For example, bacteria that collects on work surfaces in
health care facilities, and in particular in operating rooms can be detected with a biosensor as described herein. A
substrate, or more than one substrate, that can be modified by an enzyme secreted by or presented on the surface of
a bacteria is labeled and covalently bound to a collector substrate, such as cotton fibers on the tip of a swab. When
more than one substrate is utilized, each may be labeled so as to distinguish it from another (for example, using different
detectable labels) and/or each may be localized in a particular region on the solid support. The swab tip is used to wipe
the surface suspected of being contaminated by bacteria. The swab tip is placed in a medium and incubated using
conditions that allow modification of the labeled substrate if an enzyme specific for the bound, labeled substrate(s) is
present.
[0050] Also encompassed by the present invention is a kit that comprises a biosensor, such as a packaged sterilized
wound dressing, and any additional reagents necessary to perform the detection assay.
[0051] The method and/or biosensor of the present invention can be used to detect the presence or absence of any
wound-specific enzyme described herein. Although not in accordance with the present invention, the method and/or
biosensors could also be used to detect the presence or absence of lipase enzymes secreted by pathogenic bacteria.
It has been discovered that certain bacteria secrete lipases into their environment as part of their survival and/or virulence
mechanisms. The lipases serve to break down lipids in the growth environment in order to release nutrients. Lipases
may also play a role in disarming mammalian host defenses during infection. Synthetic substrates for these secreted
enzymes can be employed to detect the presence of those pathogenic bacteria that secrete them. By synthesizing lipids
attached to dye moieties, it is possible to create substrates that will change color as they are hydrolyzed by secreted
lipases. The dye molecule can be one of many commercially available molecules that are colorless when attached to
fatty acids, and change color when the substrate is cleaved by lipase. An example of such a dye is Rhodamine-110
(available from Molecular probes, Eugene, Oregon). This color change reaction forms the basis of a bacterial sensor,
which can be incorporated into healthcare products including, but not limited to, wound dressings.
[0052] Although not in accordance with the present invention, in another example, the method and/or biosensor of the
present invention can be used to detect the presence or absence of autolytic enzymes. Autolysins are enzymes that
degrade peptidoglycan, a component of the bacterial cell envelope. Autolytic enzymes serve to break down peptidoglycan,
be it that of the parent organism, as part of cell division and turnover functions, or as a means to breakdown cell walls
of competing bacteria. When labeled with para-nitrophenol, synthetic peptidoglycan subunits (such as, but not limited
to, N-acetyl-β-d-glucosaminide) serve as indicators that can form the basis of a bacterial sensor.
[0053] Although not in accordance with the present invention, in another example, the method and/or biosensor of the
present invention can be used to detect the presence or absence of beta-galactosidase on the surface of bacteria cells.
Most bacterial species express beta-galactosidase as a cytoplasmic enzyme involved in the metabolism of lactose as
an energy source. Certain species of Streptococcus, however, display the enzyme on the surface of the cell. A labeled
synthetic molecule that acts as a substrate for beta-galactosidase, (including, but not limited to ortho nitrophenyl β-D-
galactopyranoside (ONPG)) could thus be used as a means of detecting streptococci in the environment.
[0054] Although not in accordance with the present invention, a method for developing an assay for detecting a
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pathogenic bacteria that produces at least one enzyme that is secreted by the cell or present on the surface of the cell
and a method for using the assay to detect pathogenic bacteria producing the enzyme(s) follows:

Step 1) Define an amino acid sequence that uniquely identifies the prokaryotic microorganism of interest. Alternatively
a (one or more) amino acid sequence that is unique to a specific group of pathogens can be determined.

[0055] Select an amino acid sequence, for example, a protein, peptide, or polypeptide (marker sequence) that uniquely
characterizes or marks the presence of the microorganism or group of microorganisms (for example, wound-specific
pathogens) of interest. The selection can be performed utilizing a bioinfomatic approach, for example, as described in
detail below. One or more amino acid sequences that are unique to a specific prokaryotic microorganism are determined.

Step 2) Obtain sufficient enzyme to determine conditions facilitating optimal modification of a substrate by the enzyme.

[0056] Isolate the enzyme from the extracellular medium in which the pathogenic bacteria to be assayed is growing,
or from the cell membrane of the bacteria, using standard protein purification techniques, described, for example, in
Ausubel (supra).
[0057] Alternatively, if the genetic sequence encoding the enzyme or the location of the genetic sequence encoding
the enzyme are unknown, isolate and clone the genetic sequence encoding the marker amino acid of Step 1, or, first
determine the genetic sequence, and then proceed as before.

Step 3) Determine the conditions for growth of the prokaryotic organism and for the production of an enzyme presented
on the surface of the cell or secreted by the cell.

[0058] Determine medium required for growth of the specific prokaryotic microorganism of interest and for expression
of its unique active enzyme into the medium. Also determine whether a second molecule, for example, an enzyme is
required to convert the specific enzyme from an inactive precursor form to an active form. To determine if the enzyme
has been secreted in an active form, a sample of the bacterial culture is provided with chosen potential substrates and
cleavage of these substrates is determined. This can be done, for example, by combining the bacteria that produce the
enzyme with the substrate in the appropriate media and incubating at 37°C with gentle shaking. At preset times (0.1,
0.3, 1.0, 3.0, 5.0, 24 and 48 hours) the samples are centrifuged to spin down the bacteria, and a small aliquot is removed
for an SDS-PAGE gel sample. After completion of the time course, the samples are run on a 10-15% gradient SDS-
PAGE minigel. Then, the proteins are transferred to Immobilon Pseq (Transfer buffer, 10% CAPS, 10% methanol pH
11.0, 15 V for 30 minutes) using a Bio-Rad semi-dry transblotting apparatus. Following transfer of the proteins, the blot
is stained with Coomassie blue R-250 (0.25% Coomassie Brilliant Blue R-250, 50% methanol, 10% acetic acid) and
destained (high destain for 5 minutes, 50% methanol, 10% acetic acid; low destain until complete, 10% methanol, 10%
acetic acid) followed by sequencing from the N-terminal. Alternatively, the samples can be run on a mass spectrometer
in order to map the sites of proteolytic cleavage using, for example, a Voyager Elite Mass spectrometer (Perceptive
Biosystems, Albertville, Minnesota).

Step 4) Identify any specific substrate(s) of the active enzyme protease. Examples of potential substrates include
proteins, peptides, polypeptides, lipids, and peptidoglycan subunits. Label each substrate with a detectable
label, for example, a detectable label described herein, or any other detectable label known in the art.

Step 5) Increase the specificity of the enzyme-substrate interaction (optional) by determining the active or binding
site of the enzyme (for example, using FRET as described above), then determining the genetic sequence
useful for producing the active or binding site, and cloning the determined genetic sequence to generate a
more specific substrate.

Step 6) Provide a biosensor comprising one or more of the detectably labeled substrates identified above for detection
of the protease of the pathogenic bacteria of interest.

[0059] The substrate can be attached to solid support, for example, a wound dressing, or an article that holds the
enzyme and substrate, for example, a body fluid collection tube or bag, a microplate well, or a test tube. The solid support,
if desired, can provide a plurality of derivatized binding sites for coupling to the substrate, for example, succimidyl ester
labeled primary amine sites on derivatized plates (Xenobind plates, Xenopore Corp., Hawthorne, New Jersey).
[0060] Optionally, unoccupied reactive sites on the solid support are blocked by coupling bovine serum albumin, or
the active domain of p26 thereto. p26 is an alpha-crystallin type protein that is used in this case to reduce non-specific
protein aggregation. The ability of the p26 protein to refold heat denatured citrate synthetase before and after coupling
to the surface of the food packaging is used as a control for determining p26 activity. Alpha-crystallin type proteins were
recombinantly produced using standard recombinant DNA technologies (see Ausubel, supra). Briefly, the plasmid con-
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taining the beta sheet-charged core domain of p26 is electroporated into electrocompetent BL21(DE3) cells (Bio-Rad
E. coli pulser). The cells are grown up to an OD600 of 0.8, then induced with 1 mM IPTG for 4 hours. The cells are spun
down, and sonicated in low buffer (10 mM Tris, pH 8.0, 500 mM NaCl, 50 mM Imidizole) to lyse (Virsonic, Virtis, Gardiner,
New York). The lysate is spun down at 13,000 x g for 10 minutes, and the supernatant 0.45 and 0.2 mm filtered. This
filtrate is loaded onto a Ni-NTA superose column (Qiagen, Valencia, California, cat # 30410). High buffer (10 mM Tris
pH 8.0, 500 mM NaCl, 250 mM Imidizole) is used to elute the protein.
[0061] Allow the enzyme(s) to come into contact with the substrate(s), and monitor the reaction for a modification in
the detectably labeled substrate, as described herein. Modification of the substrate indicates that the enzyme produced/
secreted by the bacteria is present in the reaction. In addition, the absence of modification of the substrate indicates
that the enzyme is not present in the sample. If the bacteria or enzyme is from a wound, modification of the substrate
indicates that the bacteria is present in the wound, and that the wound is infected, while the absence of modification of
the substrate indicates that the particular bacteria is not present in the wound, and that the wound is not infected with
that particular bacteria.

EXAMPLES

[0062] The present invention will now be illustrated by the following Examples, which are not intended to be limiting
in any way.

Example 1: Identification of Proteins Specific to Pathogens which may be present in a wound

[0063] The TIGR comprehensive microbial resource multi genomic analysis tools located at the following Internet site:
http://www.tigr.org/tigr-scripts/CMR2/select_genomes.spl?showref=true&reforg=0 &cutoff=60&logic=AND&showhead-
er=true, as available on June 18, 2001 were used to analyze the complete genome sequences of the following common
wound pathogen species: Staphylococcus aureus (S. aureus), Staphylococcus epidermidis, Streptococcus pyogenes,
Pseudomonas aeruginosa, Enterococcus faecalis, and Escherichia coli. Specifically, each gene in the S. aureus genome
was compared for homologs in each of the other above specified genomes. Any S. aureus gene that did not have a
homolog (with at least 45% identity at the amino acid level) to all 5 pathogens, was discarded. The remaining pool
contained only those genes that are common to these six major wound pathogens. These searches were conducted
using the default settings as parameters.
[0064] To identify genes specific to pathogens which may be present in a wound, the genomes of 47 other non-wound-
pathogenic bacteria were then used to identify those genes that are common to the wound pathogens, but not to the
other 47 non-wound infecting bacteria. This screening resulted in the examination of 132,313 genes that were compared
to the wound pathogen genomes. After subtracting those genes with greater than 45% homology to non-wound patho-
gens, using the same comparison parameters as above, 131 genes of known function were identified as wound-specific.
Subsequent analysis of the 131 genes revealed that they fell roughly into the following nine groups based upon their
predicted function:

1) Lysins; enzymes that function to lyse host cells or competing bacterial cells.
2) Putative exotoxins; proteins that are homologous to certain secreted toxins of the staphylococci. These proteins
have enzyme signatures from block searches of exotoxins including topoisomerase I, synapsin-like, and aminopepti-
dase.
3) Cell wall machinery; enzymes involved in the synthesis and turnover of bacterial cell wall components, including
peptidoglycan.
4) Matrix binding proteins; proteins that allow bacteria to bind to the extracellular matrix molecules of the host
environment (fibronectin and fibrinogen). These proteins have enzyme signatures from block searches including
specific recombinase, adenylate cyclases class-I, and NADH-ubiquinone oxidoreductase.
5) Proteases; enzymes that either specifically or non-specifically digest other protein molecules.
6) Hydrolases; enzymes that break down polymeric molecules into their subunits.
7) Metabolic proteins; a broad class of enzymes designed to perform various housekeeping functions of the cell,
such as breaking down nutrients into components that are useful to the cell.
8) Transcription factors; proteins involved in the control of DNA transcription.
9) Virulence factors; general class of proteins that are required by the bacterial cell to cause an infection. These
proteins have enzyme signatures from block searches of virulence factors, including glycoside hydrolases.

[0065] The following wound-specific enzymes were identified according to the sequence comparison methods de-
scribed above (the GenBank Accession Number and/or protein name for an example of each protein is provided in
parentheses): autolysin (Atl), FemB protein (femB), fmhA protein(fmhA), TcaB protein (tcaB), enterotoxin P (sep), exotoxin
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6 (set6), exotoxin 7 (set7), exotoxin 8 (set8), exotoxin 9 (set9), exotoxin 10 (set10), exotoxin 11 (set11), exotoxin 12
(set12), exotoxin 13 (set13), exotoxin 14 (set14), exotoxin 15 (set15), Clumping factor B (clfB), Blt-like protein (SA1269),
FmhC protein (fmhC(eprh)), enterotoxin SEM (sem), enterotoxin SeN (sen), enterotoxin SeO (seo), leukotoxin LukE
(lukE), truncated integrase (SA0356), enterotoxin typeC3 (sec3), enterotoxin Yent1 (yent1), enterotoxin YENT2 (yent2),
glycerol ester hydrolase (geh), immunodominant antigen A (isaA), serine protease SplB (splB), serine protease SplC
(splC), ABC transporter permease (vraG), phosphomevalonate kinase (mvaK2), gamma-hemolysin component B (hlgB),
gamma-hemolysin component C (hlgC), tagatose-6-phosphate kinase (lacC), cysteine protease precursor (sspB), 6-
phospho-beta-galactosidase (lacG), extracellular enterotoxin L (sel), triacylglycerol lipase precursor (lip), Staphopain,
Cysteine Proteinase (SA1725), tagatose 1,6-diphosphate aldolase (lacD), gamma-hemolysin chain II precursor (hlgA),
enterotoxin homolog (SA1429), mannitol-1-phosphate 5-dehydrogenase (mtlD), staphylococcal accessory regulator A
(sarA), lactose phosphotransferase system repressor (lacR), capsular polysaccharide biosynthesis (SA2457), capA,
galactose-6-phosphate isomerase LacA subunit (lacA), fibrinogen-binding protein A, clumping factor (clfA), extracellular
enterotoxin type G precursor (seg), extracellular enterotoxin type I precursor (sei), leukotoxin, LukD [Pathogenicity island
SaPIn3] (lukD), fibronectin-binding protein homolog (fnb), fibronectin-binding protein homolog (fnbB), holin homolog
[Bacteriophage phiN315] (SA1760), similar to D-xylulose reductase (SA2191), secretory antigen precursor SsaA homolog
(ssaA), factor essential for expression of methicillin resistance (femA), similar to exotoxin 2 (SA0357), similar to exotoxin
1 (SA1009), similar to exotoxin 4 (SA1010), similar to exotoxin 3 (SA1011), staphylococcal accessory regulator A homolog
(sarH3), similar to transaldolase (SA1599), similar to 5-nucleotidase (SA0022), undecaprenyl-PP-MurNAc-pentapeptide-
UDPGlcNAc GlcNAc transferase (murG), similar to exonuclease SbcD (SA1180), similar to membrane protein (SA2148),
Ser-Asp rich fibrinogen-binding, bone sialoprotein-binding protein (sdrC), Ser-Asp rich fibrinogen-binding, bone sialo-
protein-binding protein (sdrD), Ser-Asp rich fibrinogen-binding, bone sialoprotein-binding protein (sdrE), similar to oli-
goendopeptidase (SA1216), similar to MHC class II analog (SA2006), similar to transcription factor (SA0858), probable
beta-lactamase [Pathogenicity island SaPIn3] (SA1633), similar to NA(+)/H(+) exchanger (SA2228), similar to xylitol
dehydrogenase (SA0242), similar to cell wall enzyme EbsB (SA1266), similar to transposase for IS232 (SAS069), similar
to transposase for IS232 (SAS070), similar to transport protein SgaT (SA0318), similar to transcription regulator (SA0187),
similar to ribose transporter RbsU (SA0260), similar to regulatory protein PfoR (SA0298), similar to enterotoxin A precursor
(SA1430), similar to regulatory protein pfoR (SA2320), transposase homolog for IS232 [Pathogenicity island SaPIn3]
(tnp), similar to formate transporter NirC (SA0293), similar to D-octopine dehydrogenase (SA2095), similar to rbs operon
repressor RbsR (SA0261), similar to cell surface protein Map-w (SA0841), similar to fibrinogen-binding protein (SA1000),
similar to fibrinogen-binding protein (SA1003), similar to fibrinogen-binding protein (SA1004), similar to staphylocoagu-
lase precursor (SA0743), similar to ferrichrome ABC transporter (SA0980), similar to peptide binding protein OppA
(SA0849), similar to proton antiporter efflux pump (SA0263), similar to kdp operon sensor protein (kdpD(SCCmec)),
similar to secretory antigen precursor SsaA(SA0270), similar to outer membrane protein precursor (SA0295), similar to
deoxyribodipyrimidine photolyase (SA0646), similar to secretory antigen precursor SsaA (SA2097), similar to integral
membrane efflux protein (SA2233), similar to secretory antigen precursor SsaA(SA2332), similar to secretory antigen
precursor SsaA(SA2353), similar to transmembrane efflux pump protein(SA0099), similar to multi-drug resistance efflux
pump (SA0115), probable specificity determinant HsdS [Pathogenicity island SaPIn3] (SA1625), similar to ABC trans-
porter ATP-binding protein (SA0339), similar to cobalamin synthesis related protein (SA0642), similar to transcription
regulator MarR family (SA2060), similar to N-Carbamoylsarcosine Amidohydrolase (SA2438), similar to teichoic acid
biosynthesis protein B (SA0243), similar to teichoic acid biosynthesis protein B (SA0247), similar to transcription regulator,
RpiR family (SA2108), similar to two component sensor histidine kinase (SA2180), similar to succinyl-diaminopimelate
desuccinylase (SA1814), similar to extracellular matrix and plasma binding (SA0745), similar to transcription antitermi-
nator BglG family (SA1961), similar to cobalamin synthesis related protein CobW (SA2368), similar to DNA polymerase
III, alpha chain PolC type (SA1710), similar to spermine/spermidine acetyltransferase blt (SA1931), similar to trimeth-
ylamine dehydrogenase (EC 1.5.99.7) (SA0311), similar to AraC/XylS family transcriptional regulator (SA0622), similar
to PTS fructose-specific enzyme IIBC component (SA0320), similar to beta-lactamase [Pathogenicity island SaPIn1]
(SA1818), similar to 4-diphosphocytidyl-2C-methyl-D-erythritol synthase (SA0241), similar to synergohymenotropic toxin
precursor - Staphylococcus intermedius (SA1812), similar to bacteriophage terminase small subunit [Pathogenicity island
SaPIn1] (SA1820), similar to poly (glycerol-phosphate) alpha-glucosyltransferase (teichoic acid biosynthesis)(SA0523).
Some of the above identified enzymes are proteins that have known enzymatic activity, while other proteins have enzyme
signatures obtained from block searches. Therefore, it is reasonable to believe that proteins containing enzymes signa-
tures are suitable for use as enzymes.

Example 2: Preparation of Bacteria For Detection of the Absence or Presence of Bacteria in a Sample

[0066] A culture of each of the following bacterial species was grown to saturation in Brain Heart Infusion (BHI) broth
at 37°C with vigorous shaking (∼200 rpm), using methods that are standard in the art: Staphylococcus aureus; Staphy-
lococcus epidermidis; Serratia marcescens; Streptococcus salivarius; Escherichia coli; Pseudomonas aeruginosa; and
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Enterococcus faecalis. After overnight growth (to saturation), a 1 mL sample of each culture was obtained, and the cells
were removed from the culture supernatant by centrifugation at 12,000 x g for 5 minutes. The remaining culture super-
natants were stored on ice until required (less than one hour). The bacteria were assayed for the presence or absence
of specific enzymes as described below. Alternatively, the bacterial cells are not separated from the culture supernatant,
but rather, the assay is carried out on a sample containing the cells still in suspension in their culture broth.

Example 3: Detection of Serratia marcescens Using a Protease Assay

[0067] A protease is an enzyme that is responsible for the degradation of proteins by hydrolysis of peptide bonds. A
protease can be either general or specific in its target sequence, depending on its purpose. Pathogenic bacteria secrete
some proteases that are specific in nature and target a select protein or peptide for the purpose of either attack of other
cells or as a defense mechanism. The target of a specific protease is identified by the amino acid sequence of the protein
adjacent to the cleavage site.
[0068] A Serratia marcescens specific protease was identified based on a homology search using the sequence of a
known sspB protease found in the Staphylococcus species. This protease has homology to the cysteine protease
precursor (sspB) protein of Staphylococcus aureus. The corresponding Serratia protease has not been previously char-
acterized. To test for the presence of the specific protease in a bacterial culture, a short target peptide was designed.
This target peptide was derived from a polypeptide substrate previously shown to be cleaved by S. aureus sspB (Chan
and Foster, J. Bacteriology 180:6232-6241, 1998). This peptide was capped by a fluorescent dye molecule on one end
and by an associated chromophore molecule on the other end. If the absorption band of the chromophore has sufficient
overlap with the absorbance band associated with the fluorescence of the dye molecule, the observed fluorescence will
be quenched. This phenomenon is known as fluorescence resonance energy transfer (FRET) and can be used to
determine the distance between the FRET donor and acceptor molecules. Upon cleavage of the peptide the fluorescent
indicator is released from the proximity of the quencher and the fluorescence increase is measured. Thus, the presence
or absence of a protease that targets the peptide in the sample can be determined by detecting fluorescence emitted
by the cleaved peptide.
[0069] The specificity of the protease for Serratia marcescens was determined by detecting cleavage of a target
polypeptide, using FRET, by the protease in a number of different bacterial pathogen samples. The bacterial pathogen
samples used in this study were all taken from overnight cultures grown in brain heart infarction (BHI) media at 37°C,
as described herein. The bacterial pathogens chosen for this study were: Staphylococcus aureus, Listeria monocy-
togenes, Pseudomonas aeruginosa, Enterococcus faecalis, Streptococcus salivarius, Serratia marcescens, and Es-
cherichia coli. The target peptide substrate used to test for the Serratia marcescens specific protease was as follows:
Dabsyl-NEAIQEDQVQYE-Edans (SEQ ID NO: 2), and was prepared using standard methods known to one skilled in
the art. A substrate solution containing 1mg/mL to 5 mg/mL of target peptide substrate in 1:1 water/dimethylsulfoxide
(DMSO) was prepared. The reaction buffer used was 20 mM Tris (pH 7.5) with 200 mM NaCl. The assay was carried
out using 3 mL of substrate solution, 7 mL of bacterial culture medium, and 140 mL of reaction buffer, for a total volume
of 150 mL of assay mixture. The assay mixture was loaded into individual wells of a microtiter plate and the plate was
placed in a fluorimeter. The narrow band filters in the fluorimeter were centered at 305 nm for excitation and 485 nm for
fluorescence emission readings. The samples were incubated at 37°C and the fluorescence of each sample was meas-
ured at time points taken every 10 minutes. A sample containing substrate, reaction buffer, and water in place of the
bacterial control was used as a negative control.
[0070] The results of this study are shown in FIG. 1, which is a graph showing the change in relative fluorescence
intensity over time for samples containing an active bacterial culture (grown overnight in BHI media) or a water control,
substrate, and reaction buffer. Culture medium containing S. marcescens cells reacted with the substrate, giving rise to
an increase in fluorescence intensity over the course of the reaction. None of the other bacterial samples, including the
Staphylococcus aureus sample, were distinguishable from the control reaction containing water. Furthermore, the re-
action took only minutes to distinguish the sample containing S. marcescens from the others tested here. Thus, this
assay can be used as a specific detection system for the presence of S. marcescens in a sample.

Example 4: The Serratia Specific Protease is Exported from the Cell (for refenrence)

[0071] Another experiment was performed to determine whether the Serratia specific protease is found on the cell
surface or if the cell exports the protein into the media. If the protease is exported, it may then be able to diffuse through
the media towards its substrate. If not, then the bacteria would have to be in contact with the substrate to allow detection
of the presence of the pathogen in the sample. Such an assay was carried out as described below.
[0072] An S. marcescens culture was grown overnight in BHI. The cells were separated from the culture media by
centrifugation so that the activity associated with each could be measured. The cell pellets were washed and then re-
dissolved in buffer to give the original volume. The proteolytic activity of the washed cells was then compared to the
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proteolytic activity of the supernatant media in the Serratia protease assay, described above. Seven mL aliquots of each
sample were run using the assay conditions described above (using 3 mL of substrate solution and 140 mL of 20 mM
Tris buffer (pH 7.5) with 200 mM NaCl added).
[0073] The results obtained for this experiment are shown in FIG. 2, which is a graph of the relative fluorescence of
the target peptide, indicating the amount of peptide cleavage in samples containing buffer, substrate solution only (dye),
supernate (containing no cells), S. marcescens cells, or S. marcescens bacterial culture (mixture) over time. The sample
labeled "mixture" contains the original overnight growth media containing active Serratia cultures that was used to
generate the samples of cells and supernatant. As shown in FIG. 2, the protease activity obtained from the supernatant
sample was nearly equivalent to the protease activity for the overnight culture. The sample obtained from the cell pellet
did not show any activity and was in the same range as the buffer and dye controls. These results show that the Serratia
protease is exported from the cell and can diffuse away from the cell surface into the media. These results thus indicate
that a Serratia cell in a sample does not have to come into direct contact with its target substrate in order to be detected.

Example 5: Activity of the Serratia Specific Protease Under Various Growth Conditions (for reference)

[0074] The stage of enzyme production and/or export from a pathogen is also a factor to be taken into consideration
when designing methods and biosensors for detecting wound specific pathogens in a sample. The synthesis and export
of a bacterial protease can be regulated by the growth conditions. Some proteases produced by pathogenic bacteria
are induced under growth limiting conditions. To investigate the growth conditions by which the S. marcescens specific
protease was expressed, the activity of the protease (cleavage of the target polypeptide) produced by cells that were
grown overnight to stationary phase was compared to the activity of the protease produced by cells that had been actively
growing in log phase conditions for several hours.
[0075] The optical density (OD) of the samples used in this experiment was adjusted by dilution in order to account
for cell density differences during growth. The overnight cultures were diluted with BHI media to give samples with an
OD of 1 or 2 for comparative activity measurements. S. marcescens specific protease activity was assessed as described
herein, by measuring the relative fluorescence of the cleaved target polypeptide. The volume of the bacterial cell cultures,
the substrate solution (dye), and the reaction buffer added remained constant. The assay conditions used for this
experiment were the same as described above. The results of these studies are shown in FIG. 3, which is a graph of
the relative fluorescence of cleaved target polypeptide by S. marcescens cultures grown for 4 hours and diluted to an
OD of 1 (log phase); S. marcescens cultures grown for 24 hours and diluted to an OD of 1 (stationary phase); S.
marcescens cultures grown for 6 hours and diluted to an OD of 2 (log phase); S. marcescens cultures grown for 24
hours and diluted to an OD of 2 (stationary phase), or control samples containing either buffer or dye. As shown in FIG.
3, the activity observed for the log phase samples were both higher than the corresponding stationary phase samples
of the same OD, however the protease was present and readily detectable in both the log and stationary phases of cell
growth. These results demonstrate the ability of the S. marcescens protease assay to be both rapid and specific. In
addition, the assay was shown to be robust under various pathogen growth conditions.

Example 6: Activity of the Serratia Specific Protease Under Various pH Conditions (for reference)

[0076] The conditions for which a pathogen detection assay is suitable was studied in order to determine the range
of applicability of the assay. Some of the relevant parameters include pH, temperature, salt concentration, and nutrient
availability. Physiological data is known for some of these parameters, however the conditions in a wound may vary in
such things as pH and nutrient availability. To address these issues, further experiments were performed to determine
the pH range for the Serratia protease activity.
[0077] The pH dependence experiment was carried out using the supernatant obtained by centrifugation of an overnight
culture of S. marcescens and the FRET assay described herein. The assay solution was buffered with 20 mM sodium
phosphate at 6 different pH levels: pH 6, 6.4, 6.8, 7.2, 7.6, and 8.0. The salt concentration used was constant at 200
mM NaCl. The volumes of both the supernatant and the substrate solution (dye) remained the same as those used in
the studies described above. The results of this study are shown in FIG. 4, which is a graph of the relative fluorescence
of the samples having different pH levels over time. The optimum pH for Serratia protease is 6.8, however the activity
does not vary much over the pH range studied here. The useful range of this assay extends from below pH 6 to above
pH 8. This indicates that the Serratia protease is robust under a wide range of pH conditions, and therefore appears to
be a good assay target for a wound infection sensor.

Example 7: The Serratia Specific Protease Is Not a Metalloprotease (for reference)

[0078] Several types of proteases are found in bacteria and are categorized by the catalytic group used in the active
site. The most common bacterial proteases are the serine protease, the cysteine protease, and the metalloprotease.
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The metalloprotease is so named because it contains a catalytic zinc ion at the active site. The bound zinc ion is generally
labile and can be removed by chelation. Therefore, reduction of the activity by addition of a chelator to the assay buffer
indicates the protease is most likely a metalloprotease.
[0079] To determine whether the Serratia specific protease is a metalloprotease, the following study was performed.
One mM ethylenediaminetetraacetic acid (EDTA) was added to the standard assay solution (20 mM Tris (pH 7.5) with
200 mM NaCl) used in the above-described FRET assay, and its effect on protease activity (measured as a decrease
in relative fluorescence activity of the protease) was determined. FIG. 5 is a graph of the effect of EDTA on the protease
activity, measured by relative fluorescence of the target peptide in samples containing Serratia culture, Serratia culture
plus EDTA, or buffer or substrate solution (dye) only (controls). No reduction in activity was found for the sample containing
EDTA when compared to native activity, indicating that the Serratia protease is probably a serine protease or a cysteine
protease.

Example 8: A Biosensor for Detection of Serratia marcescens (for reference)

[0080] An example of a biosensor for the detection of a Serratia marcescens (S. marcescens) specific protease, and
therefore, for the detection of Serratia marcescens now follows. The Serratia marcescens specific target peptide substrate
was bound to a surface with a weak positive charge, such as fibrous cellulose lightly substituted with DEAE (Cell Debris
Remover, Whatman, Inc.). This matrix was placed under a film, for example, a clear bandage, as shown in FIG. 6C, and
fluorescence in the presence of Serratia was detected. The efficacy of this biosensor was demonstrated by exposing
the biosensor containing Cell Debris Remover in which the Serratia marcescens specific protease target peptide was
not bound to it (FIG. 6A; negative control biosensor), or a biosensor containing Cell Debris Remover in which the Serratia
marcescens specific protease did contain the target polypeptide (FIG. 6B) to Serratia marcescens extract. Very little
fluorescence was emitted from the control biosensor, while fluorescence was readily detected in the biosensor containing
the target peptide. These results demonstrate that such a solid phase wound infection biosensor consisting of the peptide
bound to Cell Debris Remover can be used to detect the Serratia pathogen in a wound or any other sample or surface
containing the pathogen.
[0081] The above studies demonstrate the identification of a novel peptide substrate that is specific for S. marcescens.
The activity associated with this protease appears to be novel. The studies described herein also indicate that the S.
marcescens specific protease is secreted and the protease is present in all phases of growth. In addition, the detection
assay is robust under various pH conditions, demonstrating that this S. marcescens specific protease can be used for
the for detection of S. marcescens in a sample.

Example 9: Detection of the Presence of Staphylococcus aureus and Staphylococcus epidermidis Using a Lipase Assay 
(for reference)

[0082] Certain bacteria secrete lipases into their environment as part of their survival and/or virulence mechanisms.
The lipases serve to break down lipids in the growth environment in order to release nutrients. Lipases may also play a
role in disarming mammalian host defenses during infection. Lipases fall into the category of secreted hydrolases from
the list outlined above.
[0083] To test for the presence or absence of lipases secreted by bacteria, the lipase substrate p-nitrophenyl caprate,
obtained from Sigma (Catalog No.: N-0252). This lipase substrate consists of capric acid, a ten-carbon lipid molecule,
esterified with the dye para nitrophenol (detectable label) as described above. The substrate was dissolved in isopropyl
alcohol at a concentration of 8 mM (2.35 mg/mL). A reaction buffer containing 20 mM Tris (pH 8.5) was also prepared.
[0084] To perform the lipase assay, 80 mL of reaction buffer, 10 mL of culture supernatant from each bacteria species
described in Example 2, and 10 mL of assay substrate were added to a well of a 96-well microplate. Each bacterial
species was assayed individually, and the assays were performed in triplicate. The 96-well plate was incubated at 37°C
for 60 minutes. At 5 minute intervals during the incubation period, absorbance at 415 nm, indicating modification of the
enzyme by a lipase secreted by the cells, was automatically measured using a BioRad Benchmark Microplate reader.
[0085] FIG. 7A is a graph showing the results of the lipase assay, measured as the absorbance at 415 nm over a
period of 60 minutes. As shown in FIG. 7A, labeled substrate incubated with culture supernatants from Staphylococcus
epidermidis (S. epidermidis) and Staphylococcus aureus (S. aureus) showed a dramatic color change, as detected by
absorbance at 415 nm after just a few minutes. Other bacterial samples showed no color change, although a slight
increase in turbidity contributed to the absorbance at 415 nm. This lipase assay is therefore suitable for the detection
of Staphylococcus aureus or Staphylococcus epidermidis in a sample. Modification of p-nitrophenyl caprate by a bacterial
sample indicates that the bacteria can be Staphylococcus. In addition, the absence of modification of p-nitrophenyl
caprate by a bacterial sample can indicate that the bacteria is not Staphylococcus.
[0086] Other major wound pathogens also secrete lipolytic enzymes into their growth medium (Rosenau and Jaeger,
Biochime, 82:1023, 2000), so it may seem surprising that other organisms do not react with this substrate. However, it
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is known that bacterial lipases do show strong substrate specificity with regard to the chain length of the fatty acid they
hydrolyze (Van Kampen et al., BBA, 1544:229, 2001) and to the location in a lipid layer. The degree that the environment
of the substrate affects the efficiency of hydrolysis depends on the particular enzyme. To test this for the lipase from S.
aureus, the above-described lipase assay was performed in the presence of several detergent and solvent additives.
The reaction buffer consisted of 20 mM Tris (pH 8.3) with 1 mM ZnSO4 added, plus either nothing additional (control),
20% methanol, 20% DMSO, or 10 mM Triton X-100. As shown in FIG. 7B, the hydrolysis rate was found to increase in
the presence of organic solvents such as methanol and DMSO, and in the presence of the detergent Triton X-100.

Example 10: Detection of the Presence of Enterococcus faecalis Using an Autolysin Assay (for reference)

[0087] Autolysins are enzymes that degrade peptidoglycan, a component of the bacterial cell envelope. Autolytic
enzymes serve to break down peptidoglycan, be it that of the parent organism, as part of cell division and turnover
functions, or as a means to breakdown cell walls of competing bacteria. Autolysins fall into the category of "cell wall
machinery" in the list of categories detailed above.
[0088] To test for the presence of autolysins in bacterial cell culture supernatants, the synthetic autolysin substrate p-
nitrophenyl-N-acetyl-b-D-glucosaminide (PNP-AGA), a substrate containing a dye that is detected at 415 nm when the
substrate is modified, was dissolved in 50% DMSO to a final concentration of 20 mM to form a substrate solution.
Modification of this substrate can be detected by measuring the change in absorbance at 405 nm. A reaction buffer
containing 20 mM NaPO4 and 200 mM NaCl (pH 7.0) was also prepared. The assay was performed as follows. Five-
hundred mL of reaction buffer, 50 mL of substrate solution (20 mM PNP-AGA), and 450 mL of test sample (bacterial
supernatant as described in Example 2, or water (control)) were added to a reaction tube. Each bacterial species was
assayed individually. The samples were incubated at 20°C for 7 hours. The progress of modification of the labeled
substrate was monitored by absorbance at 405 nm.
[0089] FIG. 8 is a graph showing the change in absorbance of samples containing bacteria supernatant (or water),
substrate and reaction buffer over time (in hours). Supernatant from Enterococcus faecalis (E. faecalis) cultures reacted
with the substrate, giving rise to a color change over the course of the reaction. None of the other culture supernatants
were distinguishable from the water control. Thus, this assay can be used as a specific detection system for Enterococcus
faecalis. Modification of PNP-AGA by a bacterial sample indicates that the bacteria can be Enterococcus. In addition,
the absence of modification of PNP-AGA by a bacterial sample can indicate that the bacteria is not Enterococcus.

Example 11: Detection of the Presence of Streptococcus Salivarius Using a Beta-Galactosidase Assay (For reference)

[0090] Most bacterial species express beta-galactosidase as a cytoplasmic enzyme for the metabolism of lactose as
an energy source. Certain species of Streptococcus, however, display the enzyme on the surface of the cell. A labeled
synthetic molecule that acts as a substrate for beta-galactosidase, (for example, ortho nitrophenyl b-D-galactopyranoside
(ONP-GP)) could thus be used as a means of detecting streptococci in the environment.
[0091] To determine the presence or absence of bacteria in a sample, mid-log phase bacterial supernatants were
obtained as described in Example 2. A substrate solution containing the labeled synthetic substrate ortho-nitrophenyl-
b-D-galactopyranoside (ONPG) dissolved in 50% DMSO to a concentration of 20 mM was prepared. In addition, a
reaction solution containing 20 mM NaPO4 (pH 7) with 200 mM NaCl. The beta-galactosidase assay was carried out as
follows. Five hundred mL of reaction buffer, 450 mL of bacterial supernatant, and 50 mL of substrate solution were
combined in a reaction tube to give 1 mL total volume. A control contained 450 mL of water in place of the supernatant.
The samples were incubated at 37 °C and absorbance at 420 nm was measured hourly.
[0092] FIG. 9 is a graph of the absorbance of the samples at 420 nm over time (in hours). As shown in FIG. 9, most
culture supernatants did not show signs of beta-galactosidase activity. Streptococcus salivarius (S. salivarius) superna-
tant however, did react with the substrate, most likely because of surface expressed beta-galactosidase. Since most of
the enzyme remains attached to the cell surface, the reactivity may be due to enzyme that has cleaved from the surface,
or from cells that carried over into the supernatant. Accordingly, alternatively, the assay can be performed on a cell
suspension, rather than on the cell supernatant.
[0093] In this assay, Streptococcus salivarius reacted with the substrate, while other species did not. This assay forms
the basis of a specific test for Streptococcus salivarius. Modification of ONPG by a bacterial sample indicates that the
bacteria can be Streptococcus. In addition, the absence of modification of ONP-GP by a bacterial sample can indicate
that the bacteria is not Streptococcus.

Example 12: A Biosensor for Detection of Staphylococcus epidermidis (for reference)

[0094] An example of a biosensor for the detection of an enzyme secreted by Staphylococcus epidermidis (S. epider-
midis), and therefore, for the detection of Staphylococcus epidermidis now follows. A 100 mM solution of 20 mM p-
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nitrophenyl Caprate (in ispropanol) was applied to a 2.5cm glass microfiber filter (Whatman GF/A). The isopropanol was
allowed to evaporate at room temperature for 30 minutes, leaving the substrate bound to the filter. After the filter was
completely dry, a single drop of bacterial culture was applied to each quadrant of the filter. In Quadrant #1, Staphylococcus
aureus was applied; in Quadrant #2, Staphylococcus epidermidis was applied; in Quadrant #3 Streptococcus salivarius
was applied, and in Quadrant #4, media was applied as a control. The filter was incubated at 37°C for 30 minutes, and
detection of a yellow dye, indicating modification of the substrate by an enzyme in the bacteria was detected. As shown
in FIG. 10, no modification of the labeled substrate was detected in Quadrants # 1, #, 3, or #4. Modification of the labeled
substrate was detected in Quadrant # 2. These results demonstrate how a biosensor can be used to detect the presence
or absence of a microorganism in a sample.

Example 13: Detection of the Presence of Pseudomonas aeruginosa Using a Protease Assay or a Lipase Assay

[0095] Three peptide substrates of Pseudomonas aeruginosa (P. aeruginosa) were identified and synthesized. The
three peptides are shown in Table 1.

[0096] The peptide substrates used here were labeled with the fluorescent probe edans (5-((2-aminoethyl)amino)
naphthalene-1-sulfonic acid) and the quencher dye molecule dabcyl ((4-(4-(dimethylamino)phenyl)azo)benzoic acid).
The labeled peptide sequences used were as follows:

[0097] Additional substrates tested for their suitability in detecting P. aeruginosa were the para-nitrophenyl lipid ester
substrates shown in Table 2.

[0098] The para-nitrophenyl lipid ester substrates were used at a concentration of 10 mM dissolved in isopropanol.

Protease Assay

[0099] A protease assay for detecting the presence of P. aeruginosa was carried out as follows. Three strains of P.
aeruginosa bacteria (P1, a "student friendly" strain, PA14, the accepted standard strain for virulence models, and ZK45,
a clinical isolate for Children’s Hospital in Boston, Massachusetts) were grown in an incubator overnight at 37°C in 5
mL of BHI (Brain Heart Infusion) media. The resulting cultures were spun down by centrifugation and the supernatants
were collected. The assays were performed in 20 mM tris buffer (pH 7.5) with 150 mM NaCl added. The reactions were
carried out with 3 mL of supernatant and 7 mL of labeled substrate (as indicated in FIG. 11) in 100 mL total volume at
37°C. The reaction was followed by measuring absorbance at 485 nm on a fluorimetric plate reader. The results are
shown in FIG. 11. As shown in FIG. 11, the papa1 peptide substrate was cleaved by Pseudomonas.
[0100] This protease assay was repeated using various strains of bacteria, including S. pyogenes, P. aeruginosa strain

Table 1

Peptide Origin Function

papa1 PepA Exoprotein

pala1 LasA Elastase Gene Cluster

paga1 Poly-gly from Staphylococcus Pathogen:Pathogen Interactions

PAPA1 Edans - KAAHKSALKSAE - Dabcyl (SEQ ID NO: 3)
PALA1 Edans - KHLGGGALGGGAKE - Dabcyl (SEQ ID NO: 4)
PAGA1 Edans - KHLGGGGGAKE - Dabcyl (SEQ ID NO: 5).

Table 2

Lipid Ester Origin Length

propionate synthetic C3

butyrate synthetic C4

caproate synthetic C6

and others synthetic up to C18
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PA14, S. epidermidis, S. marcescens, and E. faecalis and the peptide substrate papa1. As shown in FIG. 12, the protease
assay was specific for detection of P. aeruginosa.
[0101] A lipase assay for detecting the presence of P. aeruginosa in a sample was carried out as follows. Bacteria
from the P. aeruginosa strain PA14 were grown in an incubator overnight at 37°C in 5 mL of TS (Tryptic Soy Broth with
dextrose) or BHI (Brain Heart Infusion) media. The resulting cultures were separated into two samples: one sample was
used as a culture of cells and media, and the other sample was spun down by centrifugation and the supernatant was
collected. The lipase assays were run in 20 mM tris buffer (pH 7.5) with 150 mM NaCl added. The reaction was carried
out with 10 mL of labeled substrate (propionate (FIG. 13A), butyrate (FIG. 13B), or caproate (FIG. 13C)) in 100 mL total
volume at 37°C. In the indicated samples, the reaction included 10 mL of bacterial supernatant or 10 mL of bacterial cell
culture. The reaction was followed by measuring absorbance at 415 nm on a colorimetric plate reader. The results are
shown in FIGs. 13A-13C). As shown in FIGs. 13A-13C, nitrophenyl substrates (C3-C6) are suitable for detecting P.
aeruginosa.
[0102] Additional studies involving detection of P. aeruginosa using the above-described lipase assay were carried
out as follows. The PA14 P. aeruginosa strain, Serratia, S. aureus, S. epidermidis, Streptococcus, Enterococcus, E.
coli, and S. Pyogenes were each grown in an incubator overnight at 37°C in 5 mL of BHI (Brain Heart Infusion) media.
The resulting cultures were spun down by centrifugation and the supernatant was collected. This set of assays was run
in 20 mM tris buffer (pH 7.5) with 150 mM NaCl added. The reaction was carried out with 10 mL of substrate in 100 mL
total volume at 37°C. In the indicated samples (FIG. 14) the reaction included 10 mL of bacterial supernatant. The reaction
was followed by measuring the absorbance at 415 nm on a colorimetric plate reader. The results are shown in FIG. 14.
[0103] As shown in FIG. 14, over time, P. aeruginosa demonstrated the greatest activity on the substrate. The reaction
conditions can varied to further separate the reactivity of Pseudomonas in comparison to other species, if a faster reaction
time is desired. A large change in the reactivity of a lipase enzyme can be achieved, for example, by modification of the
reaction solution to more closely match the environment of the lipid membrane.
[0104] Additional studies can be carried out on the substrates to examine the cross reactivity of the substrate with
additional reaction agents or with the types of molecules that could be present in a wound environment, for example,
serum during the detection of P. aeruginosa. If the substrates cross-react with serum, it may be desirable to modify the
substrate or the reaction conditions, using methods known to one of skill in the art, to lower the cross reactivity.

Example 14: Detection of the Presence of Microorganisms By Detecting DNA Metabolism Enzymes

[0105] As described herein, DNA metabolism enzymes is a class of enzymes identified in the bioinformatics search
of genes that are in common among wound pathogens Based on this knowledge, the types of DNA metabolism activities
(exonuclease and endonuclease) that can be detected with wound pathogens grown in culture were determined as
follows. Ten mg of pUC19 DNA was linearized by digestion with EcoRI enzyme. Ten mL overnight cultures of S. aureus,
E. faecalis, E. coli, P. aeruginosa, S. salivarius, S. marcescens, and S. epidermidis were then grown. Five mL of DNA
was added to 70 mL of bacterial cells. The samples were then incubated for the time periods of 1hr, 3hr, and overnight.
At the indicated time intervals an aliquot of the sample was removed and placed in a new tube. The reaction was stopped
with 10x DNA sample buffer and the samples were stored at -20°C before running on a 1.2% TBE agarose gel (80V,
constant power). The DNA metabolism activities by the various bacterial cultures are shown in FIG. 15.
[0106] As shown in FIG. 15, all bacteria tested had some DNA metabolism activity. Bacteria with pronounced endo-
nuclease activity included S. aureus, S. epidermidis, E. faecalis, and P. aeruginosa. Bacteria with strong exonuclease
activity includef S. marcescens, P. aeruginosa, E. coli, and Streptococcus. In addition, Staphylococcus. (aureus or
epidermidus) had little exonuclease activity.
[0107] Another method for detecting DNA metabolism activity is to generate synthetic colorimetric and fluorescent
DNA probes that can indicate DNA hydrolysis (exonuclease and endonuclease activity). The method was carried out
as follows. Two complementary oligonucleotides were generated. One oliogonucleotide was labeled with self-quenching
fluorescent labels, while the other primer remained unlabeled. The sequences of the oligonucleotides were as follows:
Unlabeled Sequence 5’-CCTCTCGAGGATCCACTGAATTCCT-3 (SEQ ID NO: 6); and Labeled Sequence FL-5’-AG-
GAATTCAGTGGATCCTCGAGAGG-3’-FL (SEQ ID NO: 7). Bacteria (E. faecalis, S. Salivarius, S. pyogenes, P. aeru-
ginosa, E. coli, S. aureus, S. epidermidis, and S. marcescens) were grown in an incubator overnight at 37°C in 5 mL of
BHI (Brain Heart Infusion) media. The culture was spun down by centrifugation and the supernatant was collected. The
fluorescent labeled primer and its unlabeled complement were dissolved in water at a concentration of approximately 1
mg/mL. The primers were heated to melting temperature for 2 minutes at 92°C, then allowed to anneal for 5 minutes at
43°C. After annealing, the DNA substrate was added to the reaction buffer (20 mM tris (pH 7.4) with 150mM NaCl) and
incubated at 37°C for 10 minutes. The reaction was carried out with 7 mL of culture supernatant and 3 mL of DNA
substrate in 100 mL total volume at 37°C. The reaction was followed using a fluorimetric plate reader using an excitation
wavelength of 485 nm and an emission wavelength of 538 nm. The results of this assay are shown in FIG. 16. The
labeled DNA probe detected specific DNA metabolic activity associated with Enterococcus. Another probe that can be
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used to detect the presence of bacteria with DNA metabolism activity is: Rh-5’-AGGAATTCAGTGGATCCTCGAGAGG-
3’-FL (SEQ ID NO: 8) and its complement, which, when annealed, is designed to give both colorimetric and fluorimetric
signals upon cleavage of the DNA sequence.

Example 15: Development of Biosensor Surfaces

[0108] The attachment of molecules to surfaces can be performed by the use of several different types of interactions.
Typically, proteins can be attached to surfaces using hydrophobic, electrostatic, or covalent interactions. There are many
commercially available membranes and resins with a variety of surface properties. Surfaces can also be chemically
modified to provide the required surface properties.
[0109] Commercially available transfer membranes exist for protein and peptide binding. They consist of positively
and negatively charged polymers such as ion exchange membrane disc filters and resins. Nitrocellulose membranes
offer hydrophobic and electrostatic interactions. Glass fiber membranes offer a hydrophobic surface that can easily be
chemically modified to add functional groups. There are also modified polymer membranes that offer reactive functional
groups that covalently bind proteins and peptides.
[0110] It is also possible to utilize various functional groups on membranes or resins and a crosslinking agent to
covalently link to proteins. Crosslinking reagents contain two reactive groups, thereby providing a means of covalently
linking two target functional groups. Common functional groups to target on proteins are amine, thiol, carboxylic acid,
and alcohol groups that are used to form intramolecular crosslinks. Crosslinking agents can be homobifunctional or
heterobifunctional and a selection of crosslinking agents of various lengths are commercially available.
[0111] Initially the peptides studied were designed as substrates for bacterial assay development using fluorescence
energy transfer (Edans and Dabcyl) for detection. papa1, which is selective for Pseudomonas, is an example of such a
substrate, and is described herein.
[0112] In order to develop substrates specifically for surface immobilization, several versions of the papa1 peptide
substrate were made. The peptides were designed to include lysine groups (amine functional group) at one end of the
peptide in the case of papa2. The addition of two lysine groups (KK) at one end of the peptide serve as a "tag" and
provide suitable groups for attachment to surfaces through techniques such as electrostatic interactions or through
covalent attachment. The peptide papa3 was designed to include a cysteine group (C) and three histidine groups (HHH)
at one end. The addition of a cysteine provides another suitable group or tag to perform covalent attachments through
the thiol group. The inclusion of three histidine groups also provides the potential for attachment to nickel resins.
The peptide sequences for papa1 was modified as shown:

The pre-peptide tags were added to the original papa1 sequence, as shown above, to allow for attachment to a surface.
[0113] The protease assay described herein for detection of P. aeruginosa was run with the modified version of papa1.
Bacteria (Pseudomonas, E. coli, S. aureus, S. epidermidis, S. salivarius, S. pyogenes, Enterococcus, and Serratia) were
grown in an incubator overnight at 37°C in 5 mL of BHI (Brain Heart Infusion) media. Each of the resulting cultures was
spun down by centrifugation and the supernatant was collected. The assays were run in 20 mM tris buffer (pH 7.4) with
150 mM NaCl added. The reaction was carried out with 7 mL of supernatant and 3 mL of peptide substrate (5 mg/mL in
water) in 100 mL total volume at 37°C. The reaction was followed on a fluorimetric plate reader using an excitation
wavelength of 355 nm and an emission wavelength of 485 nm. The results are shown in FIG. 17A. As shown in FIG.
17A, this protease assay showed the greatest fluorescence in the sample containing Pseudomonas.
[0114] Hydrophobic interactions make use of the non-ionic packing that occurs in a polar solvent such as water and
such interactions can be used in the production of biosensors for detection of pathogens. The substrates 5-bromo-4-
chloro-3indolyl butyrate and 5-bromo-4-chloro-3indolyl caprylate can be spotted onto a glass microfiber filter to make a
sensor. Upon spotting the filter with a small amount of Staphylococcus (aureus or epidermidis) culture medium the color
of the filter will turn blue in approximately 15 minutes. An example of this assay is shown in FIG. 17B, where the dark
spot corresponding to S. epidermidis indicates detection of that pathogen in this assay. The assay did not detect S.
pyogenes.
[0115] Electrostatic interactions make use of the charges on the peptide or chromophore to bind it to a surface to
make a biosensor. For example, ion exchange membranes with a strong negative (ICE450) or positive (SB-6407) charge
are available from Pall Gelman Laboratory, Ann Arbor, Michigan. It is possible to bind the peptide substrates through
interactions with their charged groups. The peptide substrate papa2, as described herein, was spotted onto a positively
charged membrane and exposed to Pseudomonas culture medium. As shown in FIG. 17C, upon cleavage of the peptide

papa1 (dabcyl-K)AAHKSALKSA(E-edans) (SEQ ID NO: 3)
papa2 KKAS(E-edans)AAHKSALKSAE(K-dabcyl) (SEQ ID NO: 9)
papa3 CHHHAS(E-edans)AAHKSALKSAE(K-dabcyl) (SEQ ID NO: 10)
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yellow fluorescence (indicated by a bright spot, right side of FIG. 17C) was observed.
[0116] Metal chelate (affinity binding) interactions can provide a stronger bond to biological molecules. A his-tag built
into the peptide substrate can be used to allow linkage to a nickel binding resin. The resin is incubated with a suitable
culture for 30 minutes at 37°C. After centrifugation the buffer is removed and the pelleted resin is imaged. The fluorescence
produced by the peptide is then detected.
[0117] Lysine peptide tags, for example, papa2 can be used to link to a surface such as UltraBindTM (Pall Gelman
Laboratory, Ann Arbor, Michigan). UltraBind is a polyethersulfone membrane that is modified with aldehyde groups for
covalent binding of proteins. Proteins are directly reacted with the UltraBind surface. It is also possible to link proteins
or peptides to the surface using cross linker chains. For example, the carbodiimide, EDC (1-ethyl-3-(3-dimethylamino-
propyl)carbodiimide, hydrochloride) is commonly used to link carboxylic acid groups to amines. The linking of the peptide
with a cross linking agent allows the choice of a linker chain to extend the peptide off the surface of the membrane while
still covalently binding it. The linking of the peptide through a cross linker can be optimized to make the peptide available
to the bacterial enzymes. This allows for optimization of the reaction time of the biosensor since peptide availability is
directly related to this parameter.

Example 16: Detection of Pseudomonas in Porcine Wound Fluid (for reference)

[0118] In order to test for the presence of enzymatic activity in a wound bacterial protease assay for detection of P.
aeruginosa was performed on samples obtained from wound infections made in pigs. The bacteria were grown in an
incubator overnight at 37°C in 5 mL of Brain Heart Infusion (BHI) media. Each of the resulting cultures was diluted into
sodium phosphate buffer at pH 7.2 with 150 mM NaCl (PBS buffer) to give samples containing 105, 104, and 103 bacteria
total in 100 mL. Immediately after surgery to create a series of partial thickness wounds was performed on the pigs, the
wound surfaces were treated with calcium chloride solution for a short period and then patted dry. A buffer solution
containing diluted bacterial cultures was placed on the surface of the wounds. The wounds were then covered and the
infections were allowed to grow for a period of 3 days. After the dressing was removed from the pigs and the wounds
were scored for degree of inflammation, 100 mL of PBS buffer was added to the wound surface and the extracted wound
fluid was recovered by pipet. Each of the samples was split in half and 50 mL were used to inoculate BHI plates and the
other 50 mL were placed in plastic tubes and immediately frozen at -80°C.
[0119] The buffer used to dilute the wound fluid in the protease assays was PBS. The reaction was performed in a
96-well microtiter plate. The fluorimetric assays for P. aeruginosa was carried out with 20 mL of freshly thawed bacterial
culture and 5 mL of papa1 peptide substrate (5 mg/mL in water) diluted into buffer to give 100 mL total volume at 37°C.
The reaction was followed on a fluorimetric plate reader using an excitation wavelength of 355 nm and an emission
wavelength of 528 nm. The reaction was followed for 1 hour and the results are shown in FIG. 18.
[0120] As shown in FIG. 18, the reactivity of the P. aeruginosa protease was retained in the wound fluid under these
reaction conditions. The samples containing P. aeruginosa were detectable using this assay.
[0121] While this invention has been particularly shown and described with references to preferred embodiments
thereof, it will be understood by those skilled in the art that various changes in form and details may be made therein
without departing from the scope of the invention encompassed by the appended claims.

Claims

1. A method for detecting the presence or absence in a subject’s wound sample of an infection, comprising the steps of:

a) contacting the sample with a detectably labelled substrate for a protease produced and/or secreted by a
pathogenic bacterium selected from the group consisting of Staphylococcus aureus, Staphylococcus epider-
midis, Streptococcus pyogenes, Pseudomonas aeruginosa, Enterococcus faecalis and Escherichia coli, but not
produced and/or secreted by a non-pathogenic bacterium or the subject, under conditions that result in modi-
fication of said substrate by said protease; and
b) detecting the modification or the absence of the modification of said substrate, wherein modification of said
substrate indicates the presence of said pathogenic bacterium in said wound sample, and wherein the absence
of modification of said substrate indicates the absence of said pathogenic bacterium in said wound sample;

wherein the substrate is a polypeptide consisting of the amino acid sequence of : SEQ ID NO. 1, 2, 3, 4, 5, 9 or 10.

2. The method of Claim 1, wherein said wound sample is wound fluid.

3. The method of Claim 1, wherein said substrate is on a solid support.
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4. The method of Claim 3, wherein:

a) said solid support comprises a material required to be free of microbial contaminants, or
b) said solid support is a selected from the group consisting of a wound dressing, a disk, a scope, a filter, a
lens, foam, cloth, paper, a suture, a swab, and a container for holding body fluids, such as selected from the
group consisting of a urine collection bag, a blood collection bag, a plasma collection bag, a test tube, a catheter,
and a well of a microplate.

5. The method of claim 1 which is a method for detecting the presence or absence of Staphylococcus aureus in a
sample obtained from a subject’s wound, comprising the steps of:

a) contacting the sample with a detectably labelled substrate for a protease produced and/or secreted by said
Staphylococcus aureus but not produced and/or secreted by a non-pathogenic bacterium or the subject, under
conditions that result in modification of said substrate by said protease; and
b) detecting the modification or the absence of the modification of said substrate, wherein modification of said
substrate indicates the presence of Staphylococcus aureus in said sample, and wherein the absence of mod-
ification of said substrate indicates the absence of Staphylococcus aureus in said sample, and wherein the
substrate is a polypeptide consisting of the amino acid sequence of SEQ ID NO. 1.

6. The method of claim 1 which is a method for detecting the presence or absence of Pseudomonas aeruginosa in a
sample obtained from a subject’s wound, comprising the steps of:

a) contacting the sample with a detectably labelled substrate for a protease produced and/or secreted by said
Pseudomonas aeruginosa but not produced and/or secreted by a non-pathogenic bacterium or the subject,
under conditions that result in modification of said substrate by said protease; and
b) detecting the modification or the absence of the modification of said substrate, wherein modification of said
substrate indicates the presence of Pseudomonas aeruginosa in said sample, and wherein the absence of
modification of said substrate indicates the absence of Pseudomonas aeruginosa in said sample, and wherein
the substrate is a polypeptide consisting of the amino acid sequence of SEQ ID NO. 3, 4, 5, 9 or 10.

7. A biosensor for detecting the presence or absence in a subject’s wound sample of an infection, said biosensor
comprising a solid support and a detectably labelled substrate for a protease produced and/or secreted by Staphy-
lococcus aureus, Staphylococcus epidermidis, Streptococcus pyogenes, Pseudomonas aeruginosa, Enterococcus
faecalis and Escherichia coli, but not produced and/or secreted by a non-pathogenic bacterium or the subject,
wherein said substrate is attached to said solid support, and wherein the substrate is a polypeptide consisting of
the amino acid sequence of SEQ ID NO. 1, 2, 3, 4, 5, 9 or 10.

8. The biosensor of claim 7, wherein a) the solid support comprises a material required to be free of microbial contam-
inants, or b) said solid support is a selected from the group consisting of a wound dressing, a disk, a scope, a filter,
a lens, foam, cloth, paper, a suture, a swab, and a container for holding body fluids, such as selected from the group
consisting of a urine collection bag, a blood collection bag, a plasma collection bag, a test tube, a catheter, and a
well of a microplate.

9. A kit for detecting a wound infection, comprising the biosensor of any one of Claims 7 to 8 which further comprises
one or more reagents selected from the group consisting of horseradish peroxidase, alkaline phosphatase, β-
galactosidase, acetylcholinesterase, streptavidin/biotin complex, avidin/biotin complex, umbelliferone, fluorescein,
rhodamine, dansyl chloride, phycoerythrin, luminal®, luciferase, luciferin, aequorin, 125I, 131I, 35S, 3H, Bodipy®,
Pyrene, Texas Red and EDANS.

Patentansprüche

1. Verfahren zum Nachweisen des Vorhandenseins oder Fehlen einer Infektion in einer Wundprobe eines Subjekts,
umfassend die Schritte:

a) in Kontakt bringen der Probe mit einem nachweisbar markierten Substrat für eine Protease, hergestellt und/
oder sekretiert von einem pathogenen Bakterium ausgewählt aus der Gruppe bestehend aus Staphylococcus
aureus, Staphylococcus epidermidis, Streptococcus pyogenes, Pseudomonas aeruginosa, Enterococcus fae-
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calis und Escherichia coli, aber nicht hergestellt und/oder sekretiert von einem nichtpathogenen Bakterium oder
dem Subjekt, unter Bedingungen, die zur Modifikation des Substrats durch die Protease führen; und
b) Nachweisen der Modifikation oder des Fehlens der Modifikation des Substrats, wobei Modifikation des Sub-
strats das Vorhandensein des pathogenen Bakteriums in der Wundprobe anzeigt und wobei das Fehlen von
Modifikation des Substrats das Fehlen des pathogenen Bakteriums in der Wundprobe anzeigt;

wobei das Substrat ein Polypeptid ist, bestehend aus der Aminosäuresequenz von: SEQ ID NO. 1, 2, 3, 4, 5, 9 oder 10.

2. Verfahren gemäß Anspruch 1, wobei die Wundprobe Wundfluid ist.

3. Verfahren gemäß Anspruch 1, wobei sich das Substrat auf einem festen Träger befindet.

4. Verfahren gemäß Anspruch 3, wobei:

a) der feste Träger ein Material umfasst, das frei von mikrobiellen Kontaminanten sein muss, oder
b) der feste Träger ausgewählt ist aus der Gruppe bestehend aus einem Wundverband, einer Scheibe, einem
Rahmen, einem Filter, einer Linse, Schaumstoff, Tuch, Papier, einem Nahtfaden, einem Tupfer und einem
Behälter zum Halten von Körperfluiden, wie z. B. ausgewählt aus der Gruppe bestehend aus einem Urinsam-
melbeutel, einem Blutsammelbeutel, einem Plasmasammelbeutel, einem Teströhrchen, einem Katheter und
einer Vertiefung einer Mikroplatte.

5. Verfahren gemäß Anspruch 1, das ein Verfahren zum Nachweisen des Vorhandenseins oder Fehlens von Staphy-
lococcus aureus in einer aus einer Wunde eines Subjekts erhaltenen Probe ist, umfassend die Schritte:

a) in Kontakt bringen der Probe mit einem nachweisbar markierten Substrat für eine Protease, hergestellt und/
oder sekretiert von dem Staphylococcus aureus, aber nicht hergestellt und/oder sekretiert von einem nichtpa-
thogenen Bakterium oder dem Subjekt, unter Bedingungen, die zur Modifikation des Substrats durch die Pro-
tease führen; und
b) Nachweisen der Modifikation oder des Fehlens der Modifikation des Substrats, wobei Modifikation des Sub-
strats das Vorhandensein von Staphylococcus aureus in der Probe anzeigt und wobei das Fehlen von Modifi-
kation des Substrats das Fehlen von Staphylococcus aureus in der Probe anzeigt; und wobei das Substrat ein
Polypeptid ist, bestehend aus der Aminosäuresequenz von SEQ ID NO. 1.

6. Verfahren gemäß Anspruch 1, das ein Verfahren zum Nachweisen des Vorhandenseins oder Fehlens von Pseu-
domonas aeruginosa in einer aus einer Wunde eines Subjekts erhaltenen Probe ist, umfassend die Schritte:

a) in Kontakt bringen der Probe mit einem nachweisbar markierten Substrat für eine Protease, hergestellt und/
oder sekretiert von dem Pseudomonas aeruginosa, aber nicht hergestellt und/oder sekretiert von einem nicht-
pathogenen Bakterium oder dem Subjekt, unter Bedingungen, die zur Modifikation des Substrats durch die
Protease führen; und
b) Nachweisen der Modifikation oder des Fehlens der Modifikation des Substrats, wobei Modifikation des Sub-
strats das Vorhandensein von Pseudomonas aeruginosa in der Probe anzeigt und wobei das Fehlen von Mo-
difikation des Substrats das Fehlen von Pseudomonas aeruginosa in der Probe anzeigt; und wobei das Substrat
ein Polypeptid ist, bestehend aus der Aminosäuresequenz von SEQ ID NO. 3, 4, 5, 9 oder 10.

7. Biosensor zum Nachweisen des Vorhandenseins oder Fehlen einer Infektion in einer Wundprobe eines Subjekts,
wobei der Biosensor einen festen Träger und ein nachweisbar markiertes Substrat für eine Protease, hergestellt
und/oder sekretiert von Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pyogenes, Pseudomo-
nas aeruginosa, Enterococcus faecalis und Escherichia coli, aber nicht hergestellt und/oder sekretiert von einem
nichtpathogenen Bakterium oder dem Subjekt, umfasst, wobei das Substrat an den festen Träger gebunden ist und
wobei das Substrat ein Polypeptid ist, bestehend aus der Aminosäuresequenz von SEQ ID NO. 1, 2, 3, 4, 5, 9 oder 10.

8. Biosensor gemäß Anspruch 7, wobei a) der feste Träger ein Material umfasst, das frei von mikrobiellen Kontami-
nanten sein muss, oder b) der feste Träger ausgewählt ist aus der Gruppe bestehend aus einem Wundverband,
einer Scheibe, einem Rahmen, einem Filter, einer Linse, Schaumstoff, Tuch, Papier, einem Nahtfaden, einem Tupfer
und einem Behälter zum Halten von Körperfluiden, wie z. B. ausgewählt aus der Gruppe bestehend aus einem
Urinsammelbeutel, einem Blutsammelbeutel, einem Plasmasammelbeutel, einem Teströhrchen, einem Katheter
und einer Vertiefung einer Mikroplatte.
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9. Kit zum Nachweisen einer Wundinfektion, umfassend den Biosensor gemäß einem der Ansprüche 7 bis 8, der ferner
ein oder mehrere Reagenzien umfasst ausgewählt aus der Gruppe bestehend aus Meerrettichperoxidase, alkalische
Phosphatase, β-Galactosidase, Acetylcholinesterase, Streptavidin/Biotin-Komplex, Abvidin/Biotin-Komplex, Umbel-
liferon, Fluorescein, Rhodamin, Dansylchlorid, Phycoerythrin, Luminal®, Luciferase, Luciferin,
Aequorin, 125I, 131I, 35S, 3H, Bodipy®, Pyren, Texasrot und EDANS.

Revendications

1. Procédé pour détecter la présence ou l’absence dans un échantillon de plaie d’un sujet d’une infection, comprenant
les étapes de :

a) mise en contact de l’échantillon avec un substrat marqué de façon détectable pour une protéase produite
et/ou sécrétée par une bactérie pathogène choisie dans le groupe constitué de Staphylococcus aureus, Sta-
phylococcus epidermidis, Streptococcus pyogenes, Pseudomonas aeruginosa, Enterococcus faecalis et Es-
cherichia coli, mais non produite et/ou sécrétée par une bactérie non pathogène ou le sujet, dans des conditions
qui conduisent à la modification dudit substrat par ladite protéase ; et
b) détection de la modification ou l’absence de modification dudit substrat, la modification dudit substrat indiquant
la présence de ladite bactérie pathogène dans ledit échantillon de plaie, et l’absence de modification dudit
substrat indiquant l’absence de ladite bactérie pathogène dans ledit échantillon de plaie ;

le substrat étant un polypeptide constitué de la séquence d’acides aminés de : SEQ ID NO. 1, 2, 3, 4, 5, 9 ou 10.

2. Procédé de la revendication 1, ledit échantillon de plaie étant du fluide de plaie.

3. Procédé de la revendication 1, ledit substrat étant sur un support solide.

4. Procédé de la revendication 3, dans lequel :

a) ledit support solide comprend un matériau devant être exempt de contaminants microbiens, ou
b) ledit support solide est choisi dans le groupe constitué d’un pansement de plaie, un disque, un endoscope,
un filtre, une lentille, une mousse, un vêtement, du papier, une suture, un tampon, et un récipient pour contenir
des fluides corporels, par exemple choisi dans le groupe constitué d’une poche de collecte d’urine, une poche
de collecte de sang, une poche de collecte de plasma, un tube à essai, un cathéter, et un puits d’une microplaque.

5. Procédé de la revendication 1 qui est un procédé pour détecter la présence ou l’absence de Staphylococcus aureus
dans un échantillon obtenu à partir d’une plaie d’un sujet, comprenant les étapes de :

a) mise en contact de l’échantillon avec un substrat marqué de façon détectable pour une protéase produite
et/ou sécrétée par ledit Staphylococcus aureus mais non produite et/ou sécrétée par une bactérie non pathogène
ou le sujet, dans des conditions qui conduisent à la modification dudit substrat par ladite protéase ; et
b) détection de la modification ou l’absence de la modification dudit substrat, la modification dudit substrat
indiquant la présence de Staphylococcus aureus dans ledit échantillon, et l’absence de modification dudit
substrat indiquant l’absence de Staphylococcus aureus dans ledit échantillon, et le substrat étant un polypeptide
constitué de la séquence d’acides aminés de SEQ ID NO. 1.

6. Procédé de la revendication 1 qui est un procédé pour détecter la présence ou l’absence de Pseudomonas aeru-
ginosa dans un échantillon obtenu à partir d’une plaie d’un sujet, comprenant les étapes de :

a) mise en contact de l’échantillon avec un substrat marqué de façon détectable pour une protéase produite
et/ou sécrétée par ledit Pseudomonas aeruginosa mais non produite et/ou sécrétée par une bactérie non
pathogène ou le sujet, dans des conditions qui conduisent à la modification dudit substrat par ladite protéase ; et
b) détection de la modification ou l’absence de la modification dudit substrat, la modification dudit substrat
indiquant la présence de Pseudomonas aeruginosa dans ledit échantillon, et l’absence de modification dudit
substrat indiquant l’absence de Pseudomonas aeruginosa dans ledit échantillon, et le substrat étant un poly-
peptide constitué de la séquence d’acides aminés de SEQ ID NO. 3, 4, 5, 9 ou 10.

7. Biocapteur pour détecter la présence ou l’absence dans un échantillon de plaie d’un sujet d’une infection, ledit
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biocapteur comprenant un support solide et un substrat marqué de façon détectable pour une protéase produite
et/ou sécrétée par Staphylococcus aureus, Staphylococcus epidermidis, Streptococcus pyogenes, Pseudomonas
aeruginosa, Enterococcus faecalis et Escherichia coli, mais non produite et/ou sécrétée par une bactérie non pa-
thogène ou le sujet, ledit substrat étant lié audit support solide, et le substrat étant un polypeptide constitué de la
séquence d’acides aminés de SEQ ID NO. 1, 2, 3, 4, 5, 9 ou 10.

8. Biocapteur de la revendication 7, où a) le support solide comprend un matériau devant être exempt de contaminants
microbiens, ou b) ledit support solide est choisi dans le groupe constitué d’un pansement de plaie, un disque, un
endoscope, un filtre, une lentille, une mousse, un vêtement, du papier, une suture, un tampon, et un récipient pour
contenir des fluides corporels, par exemple choisi dans le groupe constitué d’une poche de collecte d’urine, une
poche de collecte de sang, une poche de collecte de plasma, un tube à essai, un cathéter, et un puits d’une
microplaque.

9. Kit pour détecter une infection de plaie, comprenant le biocapteur de l’une quelconque des revendications 7 à 8 qui
comprend en outre un ou plusieurs réactifs choisis dans le groupe constitué de la peroxydase de raifort, la phos-
phatase alcaline, la β-galactosidase, l’acétylcholinestérase, le complexe streptavidine/biotine, le complexe avidine/
biotine, l’umbelliférone, la fluorescéine, la rhodamine, le chlorure de dansyle, la phycoérythrine, Luminal®, la luci-
férase, la luciférine, l’aequorine, 125I, 131I, 35S, 3H, Bodipy®, le pyrène, le rouge Texas et EDANS.
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